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Preface 


The  Geomorphological  Study  of  Fort  Leonard  Wood  is  Legacy  Resources 
Management  Program  cultural  research  demonstration  project  No.  430.  The 
U.S.  Army  Engineer  Waterways  Experiment  Station  (WES)  was  authorized  to 
conduct  this  investigation  by  the  U.S.  Army  Construction  Engineering 
Research  Laboratory  on  DD  Form  448,  No.  E5293C044,  dated  18  November 
1992,  and  by  the  U.S.  Army  Center  for  Public  Works  on  DD  Form  448, 
MIPR  No.  E87930426,  dated  29  July  1993.  Mr.  Richard  Edging,  Fort 
Leonard  Wood  Cultural  Resources  Manager  (ATZT-DPW-EE),  was  the  pro¬ 
gram  manager  for  this  study. 

The  Legacy  partners  were  numerous  and  are  as  follows: 

Dr.  Robert  B.  Jacobson,  U.S.  Geological  Survey  (USGS),  Rolla,  Missouri 
Mr.  Robert  Wertheimer,  Carleton  College,  Northfield,  Minnesota 
Ms.  Rose  McKenney,  Pennsylvania  State  University/(USGS),  Rolla,  Missouri 
Mr.  Chris  Vierrether,  University  of  Missouri  at  Rolla,  Missouri/(USGS) 

Dr.  David  Hammer,  University  of  Missouri  at  Columbia,  Missouri 
Mr.  Dennis  Meinert,  University  of  Missouri  at  Columbia,  Missouri 
Mr.  Grant  Butler,  Soil  Conservation  Service,  Rolla,  Missouri 
Mr.  Bruce  Thompson,  State  Soil  Scientist,  Columbia,  Missouri 
Dr.  Steven  Ahler,  University  of  Illinois,  Champaign,  Illinois 
Dr.  James  Huber,  University  of  Minnesota,  Duluth,  Minnesota 
Mr.  Brian  Homing,  Cadet,  U.S.  Army  Military  Academy 
Mr.  Todd  David,  Cadet,  U.S.  Army  Military  Academy 
Mr.  Richard  Edging,  Archaeologist,  ATZT-DPW-EE 
Mr.  Curt  Rankin,  Forest  Technician,  ATZT-DPW-EE 
Mr.  David  Jones,  GIS  Analyst,  ATZT-DPW-EE 
Mr.  Marvin  Meyer,  Chief,  ATZT-DPW-EE 
Mr.  Lester  Trigg,  CADD  technician,  ATZT-CE 
Mr.  Wayne  Reese,  Backhoe  Operator,  Dixon,  Missouri 
Mr.  Grady  Holley,  CADD  technician,  Information  Management  Systems 
(IMS),  Vicksburg,  Mississippi 

Mr.  Jan  Jordan,  Bore  Log  Data  Manager,  University  of  Southern  Mississippi, 
Hattiesburg,  Mississippi 

Ms.  Theresa  Foster,  Revisions,  San  Diego  State  University,  San  Diego, 
California 

Mr.  Daryl  Cook,  ISM,  Vicksburg,  MS 


Dr.  Jacobson’s  expertise  from  his  regional  Ozark  Stream  Geomorphic 
Study  guided  the  field  work  and  greatly  enhanced  this  project.  Dr.  Hammer 
provided  soil  analysis  and  served  as  graduate  advisor  for  Messrs.  Meinert  and 
Butler.  The  alluvial  soil  geomorphic  mapping  was  performed  by  Messrs. 
Meinert  and  Butler.  State  Soil  Scientist  Bruce  Thompson  visited  the  site 
during  field  investigation  and  arranged  for  Mr.  Butler  to  be  detailed  to  the 
Fort  Leonard  Wood  mapping  phase.  Dr.  Ahler  shared  his  archaeological 
expertise  during  the  field  work  and  report  writing.  Mr.  Hubert  performed  the 
pollen  analysis  for  paleoenvironmental  determination. 

Messrs.  Edging,  Jones,  Meyers,  and  Trigg,  Fort  Leonard  Wood,  provided 
the  installation  information  and  logistical  support  which  assured  successful 
completion  of  the  project.  Mr.  Reese  provided  the  safe  trenches  to  examine 
the  soil  stratigraphy  and  some  down-to-earth  wisdom  while  the  other  partners 
expounded  soil  geomorphic  paradigms. 

A  general  field  reconnaissance  of  Fort  Leonard  Wood  was  conducted  by 
Mr.  Edging  and  the  author  during  the  period  of  19  to  22  April  1993.  During 
detailed  field  reconnaissance  with  Dr.  Jacobson  during  the  period  of  18  to 
21  May  1993,  landscape  sites  were  selected  for  sampling.  The  first  phase  of 
soil  sampling  of  selected  geomorphic  environments  was  conducted  during  the 
period  12  to  24  July  1993  with  Dr.  Jacobson  and  his  colleagues  Wertheimer, 
McKenney,  and  Ahler.  The  second  phase  of  site  specific  sampling  was 
accomplished  with  the  participation  of  Dr.  Jacobson  and  his  colleagues 
Vierrether,  Hammer,  Meinert,  Butler,  and  Thompson  during  the  period  19  to 
28  October  1994.  Additional  field  mapping  was  accomplished  by  Messrs. 
Butler  and  Meinert  during  the  period  of  January  through  August  1994. 

Both  West  Point  cadets,  Homing  and  David  assisted  in  the  preparation  of 
geomorphic  cross  sections.  Their  assistance  is  appreciated. 

This  investigation  was  begun  and  the  report  prepared  by  Mr.  Paul  E. 
Albertson,  Geological  Environments  Analysis  Section  (GEAS),  Engineering 
Geology  Branch  (EGB),  Earthquake  Engineering  and  Geosciences  Division 
(EEGD),  Geotechnical  Laboratory  (GL),  WES,  during  the  period  March  1993 
to  September  1994.  Mr.  Dale  Barefoot,  EBG,  WES,  and  Mr.  Holley,  IMS, 
computer  drafted  the  report  illustrations.  Ms.  Foster  assisted  in  revisions  of 
the  final  report.  Mr.  Daryl  Cook  prepared  and  printed  the  soil-geomorphic 
map  plates. 

This  investigation  was  performed  under  the  direct  supervision  at  WES  of 
Mr.  Robert  Larson,  Chief,  GEAS,  Dr.  A.  Gus  Franklin,  Chief,  EEGD,  and 
Dr.  William  F.  Marcuson  HI,  Director,  GL. 

At  the  time  of  publication  of  this  report.  Director  of  WES  was 
Dr.  Robert  W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication, 
or  promotional  purposes.  Citation  of  trade  names  does  not  constitute  on 
official  endorsement  or  approval  of  the  use  of  such  commercial  products. 


1  Introduction 


Background  and  Study  Area 

The  comprehensive  natural  and  cultural  resources  management  require¬ 
ments  at  U.S.  Department  of  Defense  installations  resulted  in  the  institution  of 
the  Legacy  Resource  Management  Program  (LRMP)  in  1991.  LRMP  was 
designed  to  inventory  and  manage  biological,  cultural  and  earth  resources. 

The  present  study  was  performed  as  a  Legacy  Demonstration  Project  to  dem¬ 
onstrate  that  by  systematically  inventorying  earth  resources,  specifically  soil 
geomorphic  landforms  it  is  possible  to  establish  the  relationship  between  land- 
forms  and  the  potential  for  preservation  of  the  archaeological  record. 

The  study  was  conducted  at  Fort  Leonard  Wood,  Missouri  located  in 
south-central  Missouri  (Figure  1).  The  fort  is  120  miles  (193  kilometers) 
southwest  of  St  Louis  and  73  miles  (117  kilometers)  northeast  of  Springfield. 
The  military  reservation  covers  68,564  acres  or  approximately  107  square 
miles.  The  fort  is  situated  primarily  in  Pulaski  County  with  small  portion 
along  the  south  west  boundary  in  Laclede  and  Texas  Counties.  The  major 
focus  of  this  investigation  is  die  Big  Piney  River  and  Roubidoux  Creek  Val¬ 
leys  situated  on  the  military  installation. 

As  a  Training  and  Doctrine  Command  (TRADOC)  installation,  Fort 
Leonard  Wood  is  the  steward  of  thousands  of  acres  of  land  and  the  archaeo¬ 
logical  resources  within  its  boundary.  In  order  to  comply  with  the  National 
Historic  Preservation  Act  (NHPA  Section  106)  and  Archaeological  Resources 
Protection  Act  (ARP A),  Fort  Leonard  Wood  has  developed  a  pro-active 
approach  to  inventory  its  archaeological  resources  through  archaeological 
survey  and  the  testing  of  archaeological  sites.  As  part  of  this  strategy,  the 
geomorphology  project  described  below  is  designed  to  provide  crucial  infor¬ 
mation  on  soil  formation,  age  of  landforms  and  the  potential  for  buried  or 
altered  landscapes.  This  data  is  essential  in  site  detection  and  preservation. 
Ultimately,  it  is  designed  to  provide  baseline  geomorphic  data  that  will  aid 
archaeological  investigations  in  the  appropriate  subsurface  methods  that  are  the 
most  cost-effective  in  finding  sites  in  alluvial  settings. 
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MISSOURI  — 


Figure  1 .  Location  map  of  Fort  Leonard  Wood 


Purpose  and  Scope 

The  purpose  of  this  work  is  twofold:  (1)  to  provide  data  that  will  assist 
Fort  Leonard  Wood  in  compliance  with  federal  regulations  regarding  the 
inventory  and  protection  of  archaeological  sites;  and  (2)  establish  a  baseline 
from  which  methods  can  be  developed  that  effectively  find  sites  in  alluvial 
settings.  This  investigation  will  provide  a  geomorphic  framework  for  the 
cultural  resource  management  of  Fort  Leonard  Wood.  Specific  objectives  of 
this  investigation  were: 

a.  Identify  and  map  the  soil  geomorphic  features  or  landforms  in  the  study 
area  at  an  appropriate  scale  (1:12,000). 

b.  Define  the  geomorphic  processes  that  are  active  in  the  study  area. 

c.  Reconstruct  the  geomorphic  development  of  the  study  area. 

d.  Determine  the  significance  of  the  geomorphic  features  in  terms  of 
potential  for  archaeological  site  preservation  and  buried  sites. 
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The  study  was  conducted  in  four  phases.  Phase  1  was  a  preliminary  inves¬ 
tigation  involving  a  literature  review  and  field  reconnaissance  of  the  project 
area.  Phase  2  consisted  of  soil-geomorphic  testing  of  selected  areas  represent- 
ive  of  valley  bottoms  on  the  military  reservation.  Field  investigations  deter¬ 
mined  site  specific  stratigraphic,  pedologic  and  chronological  characteristics  of 
the  different  soil-geomorphic  units  within  the  study  area.  Phase  3  built  upon 
the  first  two  phases  by  soil-geomorphic  mapping  on  aerial  photography  and 
construction  of  valley  cross-sections.  Phase  4  consisted  of  synthesis,  regional 
correlation,  and  report  writing. 
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2  Soil  Geomorphology 
Concepts 


Geomorphic  Surfaces  and  Soils 

Introduction 

Soil-geomorphology  is  concerned  with  the  relationships  between  landform 
evolution  and  soil  development.  Geomorphology  is  the  science  of  the  earth’s 
surface  features:  their  character,  origin,  and  evolution  (Challinor  1961).  It 
emphasizes  the  formational  effects  of  geologic  processes  on  similar  portions  of 
the  earth’s  surface.  Such  geologic  processes  include  the  effects  of  water, 
wind,  gravity,  ice,  and  diastrophism.  The  character  and  evolution  of  any 
given  surface  is  in  turn  affected  by  climate,  stratigraphy,  and  time.  Basic 
concepts  used  in  soil  geomorphological  analyses  are  presented  in  this  chapter. 


Geomorphic  surfaces 

Surfaces  formed  through  the  interaction  of  the  above  processes  are  called 
geomorphic  surfaces.  By  definition  “a  surface  is  a  two-dimensional  plane.  It 
has  width  and  length,  but  no  thickness”  (Daniels  and  Hammer  1992);  “a  part 
of  the  land’s  surface  defined  in  space  and  time”  (Ruhe  1969).  These  two 
concepts  were  combined  for  the  present  report  into:  a  geomorphic  surface  is 
a  two  dimensional  unit  with  length  and  width  which  is  defined  by  time.  Geo¬ 
morphic  surfaces  consist  of  two  types,  erosional  and  depositional.  By 
definition: 

“An  erosional  surface  is  one  formed  by  erosion  and  can  have 
several  shapes.  It  may  range  from  nearly  level  to  nearly 
vertical.  A  depositional  surface  is  uneroded.  It  retains  the 
shape  left  by  the  processes  that  deposited  the  underlying  sedi¬ 
ment”  (Daniels  and  Hammer  1992).” 

Surfaces  in  the  Roubidoux  Creek  and  Big  Piney  watersheds  consist  of  both 
erosional  and  depositional  surfaces.  Dating  of  erosional  and  depositional 
surfaces  is  important  in  predicting  the  probability  of  the  occurrence  of  archae¬ 
ological  sites.  Surfaces  can  be  dated  through  the  use  of  several  different 
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laboratory  analyses  such  as  radiocarbon  (Table  2  and  Appendix  C).  These 
tests  are  dependent  on  the  presence  of  datable  materials  which  are  not  always 
recovered.  In  the  absence  of  such  datable  material  a  relative  age  may  be 
determined  by  using  the  laws  of  superposition  and  ascendency  and  descen- 
dency,  which  are  defined  below. 

The  law  of  superposition  states  that  in  undeformed  areas  younger  beds 
overlie  older  beds.  The  ascendency  and  descendency  law  states  that;  “a  hill- 
sope  is  the  same  age  as  the  sediment  to  which  it  descends  and  a  hillslope  is 
younger  than  the  hillslope  to  which  it  ascends”  (Daniels  and  Hammer  1992). 
Both  these  laws  in  conjunction  with  laboratory  analysis  of  datable  carbon  were 
used  to  date  surfaces  in  this  report.  Relative  dating  supported  with  radiocar¬ 
bon  dates  of  five  of  the  eight  surfaces  indicate  that  the  lowest  surface  mapped, 
TO  is  the  youngest  and  the  highest  T7  is  the  oldest.  However,  in  any  given 
reach  of  the  Roubidoux  and/or  Big  Piney  not  all  of  the  soil  geomorphic  units 
or  alloformations  are  always  present.  The  surfaces  are  differentiated  accord¬ 
ing  to  their  physical  characteristics,  their  apparent  age,  and  by  the  types  of 
processes  that  are  active  on  each  of  these  surfaces. 


Allostratigraphic  units 

Allostratigraphic  units  were  chosen  to  represent  the  divisions  of  the  allu¬ 
vium  and  colluvium  for  archaeological  management  on  Roubidoux  Creek  and 
Big  Piney  River.  An  allostratigraphic  unit  is  a  mappable  stratiform  body  of 
sedimentary  rock  that  is  defined  and  identified  on  the  basis  of  its  bounding 
discontinuities  (North  American  Commission  on  Stratigraphic  Nomenclature 
1983).  The  upper  boundary  is  determined  by  a  geomorphic  surface  as  defined 
previously. 

Utilizing  geomorphic  surfaces  and  adding  lithology  produces  a  “three 
dimensional  body  of  related  lithofacies”  (Autin  1991)  associated  with  temporal 
equivalence  and  defines  the  fundamental  unit  used  in  this  investigation,  the 
alloformation.  Separations  in  alloformations  were  based  on  differences  in 
lithology,  drainage,  surface  color,  and  geomorphic  position.  Divisions  related 
to  these  characteristics  represent  allomembers,  “a  formal  allostratigraphic  unit 
ranked  below  an  alloformation”  (North  American  Commission  on  Strati¬ 
graphic  Nomenclature  1983). 


Geomorphic  Processes 

General 

The  following  discussion  on  lateral  and  vertical  accretion  are  based  on 
large  river  models  such  as  the  Mississippi.  The  processes  are  presented  as 
background  for  the  non-geomorphologist  using  this  report.  The  streams  of  the 
Ozarks  which  are  smaller  and  higher  energy,  do  not  completely  fit  large  river 
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models.  For  example  Ozark  point  bars  are  extremely  irregular  and  do  not 
always  have  ridge  and  swale  topography. 


Lateral  accretion 

River  channels  migrate  across  their  floodplain  by  eroding  the  outside  or 
concave  bank  and  depositing  a  sand  or  gravel  bar  on  the  inside  or  convex 
bank.  With  time,  the  convex  bar  grows  in  size  and  the  point  bar  is  devel¬ 
oped.  Point  bar  deposits  are  lateral  accretion  deposits  formed  as  a  river 
migrates  across  its  floodplain.  Associated  with  the  point  bar  are  a  series  of 
arcuate  ridges  and  swales.  The  ridges  are  formed  by  lateral  channel  move¬ 
ment  and  are  relic  sandy  lateral  bars  separated  by  low-lying  swales.  The 
swales  are  locations  where  fine-grained  sediments  accumulate. 

Point  bar  deposits  fine  upward  from  the  maximum  size  of  the  river’s  bed 
load  (coarse  sand  and/or  gravel)  to  fine-grained  sediments  (silt  and  clay)  at  the 
surface.  The  basal  or  coarse-grained  portion  of  the  point  bar  sequence  (i.e., 
substratum)  is  deposited  primarily  by  lateral  accretion  while  the  fine-grained 
or  upper  portion  of  the  point  bar  sequence  (i.e.,  topstratum)  is  deposited  by 
overbank  vertical  accretion.  The  mechanics  and  resultant  stratigraphy  of 
lateral  accretion  of  point  bars  is  significantly  modified  in  streams  where  high 
energy  avulsion  is  common. 

An  abandoned  course  forms  when  the  river’s  flow  path  is  diverted  to  a  new 
position  on  the  river’s  floodplain.  This  event  usually  is  a  gradual  process  and 
begins  by  a  break  or  a  “crevasse”  in  the  river’s  natural  levee  during  flood 
stage.  The  crevasse  forms  a  temporary  channel  that  may,  over  time,  develop 
into  a  more  permanent  channel.  Eventually,  the  new  channel  diverts  the 
majority  of  flow  and  the  old  channel  progressively  fills.  Final  abandonment 
begins  as  coarse  sediment  fills  the  abandoned  channel  segment  immediately 
down  stream  from  the  point  of  diversion.  Complete  filling  of  the  abandoned 
course  is  a  slow  process  that  occurs  first  by  lateral  accretion  and  then  later  by 
overbank  deposition  and  vertical  accretion.  The  complete  filling  process  may 
take  several  hundred  to  several  thousand  years  to  complete.  In  some 
instances,  complete  filling  may  not  occur  as  relict  and  upland  drainage  pre¬ 
serves  partial  stream  flow  through  the  course. 

Abandoned  channels  are  relict  channel  meanders  that  are  abandoned  when 
the  river  cuts  across  its  point  bar.  The  cutoff  produces  an  abandoned  meander 
loop  or  slough.  The  process  by  which  the  river  abandons  the  loop  occurs 
either  gradually  as  a  neck  cutoff  or  during  a  single  flood  event  as  a  chute 
cutoff.  A  chute  is  a  high  water  channel  across  the  point  bar  of  the  channel. 
Abandoned  channels  mapped  by  this  study  may  be  either  well  defined  classic 
“oxbow”  loops  or  loop  segments.  Abandoned  channels  or  sloughs  are  abun¬ 
dant  throughout  the  project  area  and  were  mapped  by  adding  an  “s”  designa¬ 
tion  to  the  alloformations. 

Channel  filling  is  a  gradual  process.  It  occurs  initially  by  lateral  accretion, 
when  the  channel  is  still  connected  to  the  main  course.  After  the  main 
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channel  has  migrated  away  from  the  abandoned  segment,  then  vertical  accre¬ 
tion  dominates.  During  times  of  high  water  flow,  suspended  sediment  is 
transported  to  the  abandoned  channel.  Abandoned  channels  that  are  not  filled 
continue  to  receive  sediment  by  overbank  deposition  during  the  peak  flood 
season  which  may  occur  for  only  a  brief  time  each  year. 


Vertical  accretion 

Vertical  accretion  deposits  form  by  periodic  flooding  and  vertical  accretion 
of  new  sediment.  Pedogenesis  and  bioturbation  combine  to  form  a  character¬ 
istic  soil  profile.  Natural  levee  deposits  form  by  vertical  accretion  when  the 
river  overtops  its  banks  during  flood  stage  and  sediment  suspended  in  the 
flood  flow  is  deposited  immediately  adjacent  to  the  channel.  The  resulting 
landform  is  a  low,  wedge-shaped  ridge  with  the  greatest  thickness  adjacent  to 
the  river.  Natural  levee  thickness  decreases  away  from  the  river  until  it  even¬ 
tually  merges  with  other  floodplain  deposits.  Natural  levee  deposits  were  not 
mapped  as  a  separate  environment  on  the  geomorphic  maps  in  this  report 
because  this  environment  is  present  throughout  the  floodplain  to  some  extent 
and  mapping  this  environment  is  not  possible  at  the  scale  of  the  present 
report.  However,  natural  levee  deposits  are  described  in  this  report  as  a 
separate  environment  because  it  is  an  important  geomorphic  process  in  the 
study  area,  especially  as  it  affects  cultural  resources. 


Terrace 

A  terrace  is  an  abandoned  floodplain  surface  that  is  now  elevated  above  the 
present  river’s  floodplain  and  therefore  is  flooded  less  frequently  than  the 
floodplain.  A  terrace  consists  of  a  relatively  flat  or  gently  inclined  surface 
that  is  bounded  on  one  edge  by  a  steeper  descending  slope  and  on  the  other 
edge  by  a  steeper  ascending  slope  (Bates  and  Jackson  1980).  Terraces  gener¬ 
ally  border  the  present  floodplain  or  may  be  preserved  as  topographic  islands 
or  remnants  within  the  present  floodplain.  Terrace  islands  or  remnants  in  the 
floodplain  were  mapped  because  of  die  accuracy  of  the  topographic  data. 
Terraces  are  differentiated  on  the  geomorphic  maps  according  to  their  inter¬ 
preted  age,  lithology,  geomorphic  position,  and  degree  of  pedogenesis. 

In  general,  the  boundary  between  the  terrace  and  the  floodplain  was 
mapped  by  first  defining  the  limits  of  the  floodplain  from  hydrologic  charac¬ 
teristics.  This  boundary  was  then  further  refined  by  incorporating  soils  data, 
land  use  as  interpreted  from  aerial  photography,  and  from  site  investigations 
conducted  in  the  field. 

In  addition  to  flood  frequency,  another  important  characteristic  that  distin¬ 
guishes  terrace  surfaces  from  the  floodplain  is  the  degree  of  soil  profile  devel¬ 
opment  by  pedogenic  processes.  The  extent  of  soil  genesis  of  a  soil  profile 
reflects  the  type  and  intensity  of  geomorphic  processes  that  are  active  in  the 
area  and  the  relative  age  of  the  pedogenic  surface.  Soil  forming  processes  are 
governed  by  the  physical  properties  of  the  parent  material,  the  environmental 
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influences  of  the  geomorphic  system,  and  the  duration  of  the  geomorphic 
processes.  A  stratified  and  weakly  developed  soil  profile  indicates  that  the 
soil  has  been  recently  deposited  and  has  not  had  sufficient  time  to  develop  a 
pedogenic  imprint. 


Soils 

A  definite  relationship  was  established  during  the  study  between  geomor¬ 
phic  surfaces  and  soil  materials.  The  relationship  was  found  to  be  consistent 
from  the  southern  to  northern  reaches  of  the  stream.  This  consistency 
increases  the  ability  to  predict  location  and  probability  of  archaeological  sites 
and  pattern  of  soil  genesis  on  a  given  surface. 

Soil  genesis  on  each  surface  “can  be  viewed  as  consisting  of  two  steps: 

(a)  the  accumulation  of  parent  materials,  and  (b)  the  differentiation  of  horizons 
in  the  profile”  (Simonson  1959).  The  primary  parent  material  in  this  study  is 
alluvium  with  loess,  colluvium  and  hillslope  sediments  being  secondary 
sources.  Horizon  differentiation  in  the  parent  material  is  a  result  of  four  basic 
processes  occurring  throughout  the  system.  These  are  additions,  removals, 
transfers,  and  transformation  (Simonson  1959).  These  changes  are  brought 
about  by  the  effects  of  the  soil  forming  factors:  climate,  organisms,  topogra¬ 
phy,  parent  material,  and  time. 


Soil  forming  factors 

The  five  soil  forming  factors  have  been  studied  both  independently  and  in 
combination  for  over  100  years.  These  studies  have  shown  that  “the  balance 
among  individual  processes  in  a  given  combination  becomes  the  key  to  the 
nature  of  a  soil”  (Simonson  1959).  These  factors  have  been  put  fourth  in 
equation  form: 

s  =  f  (cl,  o,  r,  p,  t...)  ( 

where  s  denotes  any  soil  property.  The  soil-forming  factors  in  parentheses, 
actually  represent  “groups  of  factors,  and  are  defined  as  follows: 

cl  =  climate 

o  =  organisms  and  their  frequencies  referring  to  species  germules 
rather  than  actual  growth 

r  =  relief  or  topography,  also  including  certain  hydrologic  features 
(e.g.,  water  table) 

p  =  parent  material,  defined  as  state  of  sediment  at  soil  formation 
time  zero 

t  =  age  of  soil,  absolute  period  of  soil  formation 
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...  =  additional,  unspecified  factors”  (Jenny  1961) 
A  discussion  of  each  of  the  factors  follows. 


Climate 

The  climatic  factor  is  considered  by  many  to  be  the  most  important  factor 
in  the  development  of  soil  characteristics.  It  accounts  for  the  present  and 
historical  effects  of  precipitation,  temperature,  and  wind  on  soil  features. 
These  influences  are  in  turn  modified  by  aspect,  altitude,  and  the  other 
factors. 

Precipitation  is  important  because  water  is  involved  in  most  of  the  physi¬ 
cal,  chemical  and  biochemical  processes  that  go  on  in  a  soil,  and  the  amount 
of  moisture  delivered  to  the  soil  surface  influences  the  weathering  and  leach¬ 
ing  conditions  with  depth  in  the  soil  (Buol  et  al.  1978).  Solar  radiation  has  an 
impact  on  the  amounts  of  moisture  reaching  the  soil  surface  and  the  rates  of 
chemical  and  biochemical  processes.  Combined  they  effect  the  abundance  and 
composition  of  vegetation.  Wind  is  an  important  agent  effecting  the  transport 
and  distribution  of  suspended  material  (dust  and  aerosols)  over  large  distances. 

A  significant  point  in  considering  the  effect  of  climate  is  its  cyclic  nature, 
and  variance  in  time  and  amounts  of  inputs.  Soil  features  are  thought  of  as  an 
accumulation  of  climatic  inputs  over  time,  but  “often  it  is  not  the  mean  cli¬ 
matic  conditions  which  are  relevant,  but  the  less  frequent  more  extreme  ones 
which  may  control  specific  features  of  the  soil  or  landscape”  (Yaalon  1983). 


Organisms 

The  organism  factor  is  comprised  of  the  fauna  and  flora  of  a  particular 
region.  Each  component  within  these  groups  has  a  specific  set  of  functions  it 
performs  in  the  ecosystem.  Through  these  functions  the  entire  biota,  from 
microscopic  bacteria  and  protozoa  to  large  trees  and  burrowing  animals, 
influence  the  development  of  soil  properties.  As  with  climate  both  the  past 
and  present  influences  of  plants  and  animals  is  visible  in  the  present  soil. 

Plants  are  involved  in  the  initial  development  of  soils  through  mechanical 
and  chemical  weathering.  Throughout  the  succession  of  soil  development  the 
properties  of  organic  carbon,  nitrogen,  pH,  bulk  density,  color,  and  structure 
are  effected  by  plants.  Species  differ  in  the  ability  to  impact  these  properties 
because  of  the  variability  in  recycling  nutrients,  supplying  organic  matter, 
producing  leachates  and  rooting  patterns.  For  example,  forested  sites  com¬ 
monly  show  greater  leaching  of  cations,  lower  pHs,  greater  clay  translocation 
and  lower  organic  matter  when  compared  to  grasslands. 

The  influence  of  animals  populations  on  the  development  of  soils  has  not 
been  given  the  emphasis  that  vegetation  has.  Even  though  the  importance  of 
microbial  and  visible  animal  populations  can  be  seen  in  the  decomposition  of 
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organic  matter,  the  additions  they  make  to  humus  development  and  the  mixing 
brought  about  by  the  activities  of  burrowing  species  is  commonly  overlooked. 
Grazing  species  and  even  man  impact  the  soil.  Ungulates  influence  the  soil 
through  plant  selection  and  compaction,  while  man  does  so  through  cultivation 
and  compaction. 


Topography 

Topography  refers  to  the  surface  shape  of  a  landform.  It  includes  the 
relief,  gradient,  length  and  width,  slope  orientation,  and  shape  such  as  con¬ 
vexity  or  concavity.  It  effects  soil  hydrology,  runoff  or  run-on,  erosion  or 
deposition,  and  in  conjunction  with  climate,  vegetation.  These  attributes 
govern  soil  properties  such  as  clay  distribution,  depth  of  weathering,  profile 
development,  organic  matter  content,  and  chemical  composition  and 
distribution. 


Parent  material 

Parent  material  refers  to  unconsolidated  organic  and  mineral  materials  in 
which  soils  form  (Soil  Survey  Staff  1993).  It  is  the  material  present  when  soil 
genesis  is  initiated.  The  following  classes  of  parent  materials  are  recognized: 
residuum  -  materials  produced  by  weathering  of  rock  in  place  (i.e.,  dolomites, 
sandstones,  granites,  etc.);  alluvium  -  materials  moved  and  deposited  by 
water;  loess,  and  aeolian  sand  materials  moved  by  wind;  or  colluvium  -  mate¬ 
rials  moved  by  gravity.  These  materials  can  occur  singularly  or  in  combina¬ 
tion,  e.g.,  colluvium  over  residuum  or  loess  over  colluvium  and  residuum. 

The  nature  and  original  properties  of  the  parent  material  are  important  to 
the  development  of  soil  properties.  It  determines  many  of  the  chemical,  min- 
eralogical  and  physical  properties  of  a  soil.  It  influences  types  of  clay  devel¬ 
oped,  structure,  texture,  color,  and  natural  fertility.  These  properties  in  turn 
influence  drainage,  available  moisture,  and  vegetation. 


Time 

“Time  here  refers  to  passage  of  time  .  .  .  and  in  itself  has  no  influence  on 
the  landscape;  rather  it  records  the  accomplishments  of  the  system”  (Schumm 
1977).  Time  in  the  above  context  is  important  only  to  help  establish  a  starting 
and  stopping  point  and  to  compute  process  rate  (Daniels  and  Hammer  1992). 
Weathering  of  the  parent  material  and  development  of  soil  features  are  aligned 
with  time.  Diverse  parent  materials  will  vary  in  the  amount  of  time  needed  to 
produce  soil  material.  Soil  features  will  vary  in  the  amount  of  time  needed 
for  development.  Determining  these  times  for  a  given  parent  material  or 
feature  can  in  some  cases  assist  in  ascertaining  relative  age. 
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3  Previous  Works 


Regional  Related  Studies 

River  Valleys  of  the  Ozark  Plateau  by  Hersey  (1895)  is  one  of  the  earliest 
scientific  descriptions  of  the  region.  He  noted  die  rivers  of  the  Ozarks  had  a 
characteristic  duplex  nature,  i.e.  a  small  trough  cut  into  the  larger  valley.  The 
incision  formed  strata  terraces  which  early  setders  referred  to  as  “bench- 
lands.”  Hersey  believed  that  the  level  and  formation  of  the  terrace  have 
nothing  to  do  with  the  hardness  of  the  rock  formation.  He  noted  river  gravel 
on  top  of  the  high  terraces.  Hersey  hypothesized  a  concept  of  three  episodes 
of  uplift  and  incision  forming  the  valleys.  His  model  is  Davisian  in  nature 
and  describes  the  evolution  of  the  Ozark  Plateau  and  valleys  in  a  much 
broader  time  and  space  scale  than  the  present  study’s  focus.  There  is  no 
independent  data  corroborating  evidence  to  support  Hersey’s  idea  that  terraces 
are  due  to  uplift. 

The  Large  Springs  of  Missouri  by  Beckman  and  Hinchey  (1944)  provided  a 
detailed  inventory  of  the  location,  description  and  estimated  flows  of  major 
springs.  There  are  numerous  large  springs  in  Pulaski  County,  such  as  Miller 
Spring,  Roubidoux  Spring,  and  Stone  Mill  Spring.  Miller  Spring  flows  from 
the  Gasconade  Dolomite  into  the  Big  Piney  south  of  the  military  installation. 
Roubidoux  Springs  is  located  in  Waynesville  and  flows  into  the  Roubidoux 
Creek  north  of  the  fort.  Stone  Mill  Spring  is  located  on  the  fort  property 
(sec  21,  T35N,  R10W)  and  it  issues  from  the  a  rock  ledge  in  the  Gasconade 
Formation.  Beckman  and  Hinchey  (1944)  report  flows  between  10  and 
15  million  gal  per  day  from  Stone  Mill  Spring. 

The  Geomorphic  History  of  the  Ozarks  by  Bretz  (1965)  presented  a  model 
of  the  Ozark  uplift  and  subsequent  erosion  to  produce  dissected  peneplains, 
monadnocks,  and  steep  valleys.  He  opposed  ideas  of  cyclic  pedimentation  and 
noncyclic  dynamic  equilibrium.  Bretz  advocated  a  succession  of  three  epi¬ 
sodes  of  alternating  uplift  and  erosion.  He  noted  strath  terraces  which  were 
independent  of  stratigraphic  control.  Bretz  specifically  refers  to  the  Big 
Piney-Roubidoux  divide  as  an  elongated  dividing  upland  which  is  dissected  by 
encroaching  tributaries.  He  notes  the  broadening  of  the  flat  upland  at  Fort 
Leonard  Wood  near  the  north  end  of  the  divide  (Waynesville  Quadrangle, 
Pulaski  County)  which  has  several  1,100  ft  summits.  Bretz’s  work  continues 


Chapter  3  Previous  Works 


11 


Herseys’  (1895)  ideas  of  former  peneplains  with  alluvial  gravel  and  episodes 
of  uplift  and  erosion.  To  date,  these  hypotheses  are  untested. 

Sedimentary  Processes  at  Rodgers  Shelter  by  Ahler  (1976)  described  in 
detail  the  chemical  and  physical  properties  of  strata  in  one  terrace  (Tl-b)  on 
the  Pomme  de  Terre  River  at  Rodgers  Shelter.  The  analysis  distinguished  the 
likely  sedimentary  process  of  each  strata.  He  differentiated  colluvial,  alluvial, 
and  aeolian  deposition. 

Haynes  (1976)  described  the  Late  Quaternary  Geology  of  the  Pomme  de 
Terre  Valley.  He  presented  the  following  geochronology  the  last 
38,000  years.  Aggradation  occurred  from  38,000-30,000  years  B.P.  For 
degradation  occurred  between  30,000-28,000  years  B.P.  followed  by  stability 
between  26,000-23,000  years  B.P.  Slow  aggradation  followed  and  continued 
to  about  16,500  years  B.P.  Downcutting  occurred  sometime  after  13,000  but 
before  11,000  years  B.P.  The  river  began  to  aggrade  again  by  10,500  as 
Paleo-Indians  entered  the  region.  Aggradation  continued  to  about  6,000  years 
B.P.  followed  by  4,000  years  of  stability  with  minor  colluvial  and  overbank 
deposition.  Before  1,000  years  B.P.  the  flood  plain  was  abandoned.  Another 
erosion  and  deposition  episode  occurred  between  600  and  400  years  B.P. 

Brackenridge’s  (1981)  studies  of  Late  Quaternary  Floodplain  Sedimentation 
Along  the  Pomme  de  Terre  River  noted  river  degradation  at  about  32,000, 
13,000,  7,800,  5,000  2,900,  1,700,  and  350  years  B.P.  He  recognized  six 
mappable  units  and  distinguished  two  types  of  contacts.  Along  the  river,  cut 
and  fill  produced  younger  insets,  while  in  an  abandoned  channel  younger  units 
were  overlapping  older  units  as  drapes.  Two  aeolian  episodes  were  inter¬ 
preted  as  occurring  during  the  Wisconsin  and  early  Holocene.  He  concluded 
that  terrace  formation  may  be  the  direct  impact  of  climatic  change  rather  than 
glacial  or  sealevel  change.  For  example,  erosion  was  a  response  to  “little  ice 
age”  and  the  resulting  increase  in  stream  power  instead  of  drought.  He  attrib¬ 
uted  gaps  in  the  Holocene  stratigraphic  record  to  periods  of  erosion  caused  by 
frequent  large  floods  while  depositional  periods  occurred  during  periods  of 
stability  and  small  floods.  Table  1  relates  Brackenridge  (1981)  and  Haynes 
(1976,  1985)  formation  names  to  the  present  study. 

Johnson’s  (1981)  Soil  Geomorphology  of  the  Lower  Pomme  de  Terre  River 
Valley,  Missouri  and  Surrounding  Area  presented  soil  genesis  data  correspond¬ 
ing  to  Haynes’  (1976)  geomorphic  units.  The  study  concluded  that  the 
Rodger’s  shelter  alluvium  is  reworked  Peorian  Loess  Gate  Wisconsin)  and  that 
the  younger  Pippins  soil  is  also  derived  from  reworked  loess  but  has  been 
humified  and  darkened.  Landscape  instability  associated  with  the  formation  of 
the  Rodger  alluvium  is  associated  with  climatic  change.  However,  the  Pip¬ 
pins,  which  is  charcoal  rich,  is  proposed  to  be  due  to  slash  and  bum  techno¬ 
logy  of  late  Holocene  Woodland  Indians.  The  results  of  radiocarbon  dating 
and  pedologic  analysis  indicated  that  moderately  to  strongly  developed  alfisols 
could  be  formed  in  less  than  3,600  years.  In  a  subsequent  study  Johnson 
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Table  1 

Formations  Ages  of  the  Alloformations  Used  in  This  Study,  and 

Their  Relationship  to  Brackenridge  (1981)  and  Haynes  (1976, 

1985) 

Formation 

Age  (year  B.P.) 

Relationship  to  Brackenridge's 

TO 

Cooksville 

0-100 

No  related  unit.  Present  day  gravel  and  sand 
bars.  Separated  with  stream.  Bars  in  process  of 
migrating  downstream. 

T1 

Happy  Hollow 

0-300 

Related  to  Pippens  formation:  TOb  unit.  Carbon 
dates  190  to  330  years  B.P.  Alluvial  deposition 
on  surface  consisting  of  sand,  gravel  and 
cobbles. 

T2 

Ramsey 

300-1,400 

Related  to  Pippens  formation:  TOa  unit.  Carbon 
dates  430  to  840  years  B.P.  Alluvial  deposition 
on  surface  consisting  of  sand  and  fine  gravel. 

T3 

Dundas 

2,000-3,000 

Related  to  Rodgers  formation:  T1b4  unit. 

Carbon  dates  1,680  to  2,360  years  B.P.  Alluvial 
deposition  on  surface  consisting  of  silts  and  very 
fine  sands. 

T4 

Quesenberry 

3,400-4,000 

Related  to  Rodgers  formation:  T1b3  unit.  Car¬ 
bon  dates  3,610  to  4,585  years  B.P.  Some 
formations  with  alluvial  deposition  on  surface. 

T5 

Miller 

4,300-10,000 

Related  to  Rogers  formation:  Tibi  and  T1b2 
units.  Carbon  dates  5,200  to  10,200  years  B.P. 

No  alluvial  deposition  on  surface.  Holocene 
deposits. 

T6 

Ousley  Spring 

10,000-55,000 

Related  to  the  Trolinger  Spring  and  possibly 

Koch  and  Boney  Springs  formations:  T-la  and 

T-2  units.  Carbon  dates  13,550  to 
>48,900  years  B.P.  Pleistocene  deposits. 

T7 

Stone  Mill 

10,000-130,000 

Related  to  Breshears  formation:  T3  unit.  No 
carbon  dates. 

T7co 

Laughlin  Unit 

10,000- >55,000 

No  related  unit.  Unit  occurs  in  close  proximity 
to  alluvial  soils.  A  variable  unit  consisting  of 
colluvium,  reworked  loess,  residuum,  or  a 
combination. 

AF 

McCann 

0-55,000 

No  related  unit.  Alluvial  fans. 

TR1 

Baldridge 

0-2,000 

No  related  unit.  Small  tributaries. 

TR2 

Hanna 

2,000-8,000 

No  related  unit.  Medium  to  large  tributaries. 

(1982)  proposed  a  landscape  model  in  which  50  cm  of  deposition  has  occurred 
in  the  valley  since  2,000  years  B.P. 

Geomorphic  Investigations,  in  Archaeological  Investigations  in  the  Ozark 
Scenic  Riverways  (Saucier  1981,  1983,  1984,  1987)  reported  on  the  soil  and 
stratigraphic  aspects  of  geomorphology  in  the  Current  River  basin,  to  the 
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southeast  of  the  Fort  Leonard  Wood  area.  Saucier  (1987)  differentiated  the 
active  floodplain  into  two  sperate  units  (TO  and  Tl)  with  three  adjacent 
terraces  (T2,  T3,  and  T4).  Personnel  communication  with  Saucier  (1993) 
pointed  out  corresponding  surfaces  based  on  elevation  are  not  always  time 
correlative  but  rather  a  function  of  flood  magnitudes. 

Guccione  (1991)  summarized  the  preceding  studies  in  an  overview  of  the 
Quaternary  Nonglacial  Geology  of  the  Interior  Highlands  which  includes  the 
Ozark  Plateau.  She  highlighted  the  work  of  Bretz  (1965)  noting  that  the 
residuum  is  probably  Tertiary  in  age.  Two  loess  deposits  are  discussed,  the 
older  correlates  to  the  Loveland  which  is  considered  to  be  Illinoisan  and  the 
younger  correlates  to  the  Peoria  Loess.  The  colluvial  process  in  the  region 
has  been  operating  throughout  the  Pleistocene  into  the  Holocene.  Some  collu¬ 
vium  can  be  relatively  dated  based  on  overlying  loess  deposits.  The  Pomme 
de  Terre  studies  (Haynes  1976;  Brackenridge  1981)  provided  the  framework 
to  differentiate  the  alluvium.  This  recent  review  and  compilation  of  previous 
works  of  the  region  provides  a  good  framework  for  the  present  study  of  Fort 
Leonard  Wood. 

Thompson  and  Robertson’s  (1993)  Guidebook  to  the  Geology  Along  Inter- 
State  Highway  44  (1-44)  in  Missouri,  provides  an  overview  and  detailed 
descriptions  of  the  rock  outcrops  along  1-44  in  the  vicinity  of  Fort  Leonard 
Wood.  Studying  the  measured  sections  of  roadcuts  offers  a  way  to  differenti¬ 
ate  the  Gasconade  and  Roubidoux  Formations. 

Geomorphic  Study  in  the  Upper  Gasconade  River  Basin,  Laclede  and  Texas 
Counties,  Missouri  by  Gamble  (1993)  investigated  the  upland  geomorphic 
surfaces  and  noted  that  the  erosion  surface  cut  across  geologic  contact.  In 
addition,  he  designated  a  valley  surface  as  the  Lambeth  terrace.  The  occur¬ 
rence  of  this  terrace  was  recognized  on  the  Osage  Fork,  the  Gasconade,  and 
the  Big  Piney  Rivers.  Gamble  correlated  his  Lambeth  terrace  to  Saucier’s  T4, 
Brackenridge’s  (1981)  Trolinger  Formation  (T2),  and  Haynes’  (1985)  Trolin- 
ger  Spring  Formation.  The  significance  is  that  the  Trolinger  is  estimated  to 
be  50,000  to  160,000  years  B.P.  (Brackenridge  1981  and  Haynes  1985). 


Site  Specific  Studies 

The  Soil  Survey  of  Pulaski  County  by  Wolf  (1989),  was  used  as  a  resource 
for  initial  concepts  and  comparison.  The  purpose  of  the  soil  survey  is  to 
supply  predictions  of  soil  behavior  for  a  wide  range  of  users  (Wolf  1989). 

This  report  covered  the  area  under  study  at  a  scale  of  1:24,000  or  1  in.  equal 
2,000  ft.  The  survey’s  purpose  and  scale  were  two  limiting  factors  for 
intensive  geoarchaeological  predictive  purposes  of  the  present  geomorphic 
report. 

Warren  (1993)  studied  Freshwater  Mussels  from  Caves  and  Rockshelters  at 
Fort  Leonard  Wood,  Pulaski  County,  Missouri.  He  interpreted  the  mussels 
found  with  archaeological  remains  to  represent  a  subsistence  resource  from  the 
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streams  running  throughout  the  fort.  Warren  (1993)  suggests,  “...that  the 
gravelly  stream  beds  that  occur  today  along  the  Big  Piney  River  and 
Roubidoux  Creek  are  not  recent  products  of  historical  land-clearing  activities 
and  subsequent  erosion  and  redeposition  of  course  sediment  in  the  area. 
Rather,  they  appear  to  be  the  modern  signature  of  a  high  energy  stream  type 
that  exist  thousands  of  years  into  the  past.”  His  mussel  study  suggested  die 
Big  Piney  River  and  Roubidoux  Creek  have  been  gravel  bed  streams  through¬ 
out  the  Holocene  and  thus  were  not  significandy  altered  by  historic  land 
clearing. 

Terrain  Analysis  Atlas  (Greenhome  and  O’Mara  1982)  is  a  series  of  maps 
of  the  military  installation  at  a  scale  of  1:50,000  and  accompanying  text  which 
describes  the  military  aspects  of  the  terrain.  Included  in  the  atlas  which 
pertains  to  this  geomorphic  investigation  are:  surface  configuration,  surface 
drainage,  water  resources,  engineering  soils,  engineering  geology,  vegetation 
and  climate.  The  analysis  is  very  informative  but  general  in  scope.  It  is 
designed  to  assist  planners  make  troop  stationing  decisions.  It  contains  envi¬ 
ronmental  data  but  is  not  intended  for  environmental  impact  assessment. 
Therefore  for  the  purpose  of  the  present  study  the  terrain  analysis  serves  as  a 
general  reconnaissance  level  framework  to  view  the  fort’s  geomorphology. 

The  engineering  geologic  map  was  the  source  information  for  the  GRASS  data 
layer  for  geology.  The  engineering  geology  map  of  the  fort  at  a  scale  of 
1:50,000  separates  the  military  reservation  into  5  units  which  correlate  to  the 
Gasconade  Formation  (Fm),  Roubidoux  Fm,  Jefferson  City  Fm,  Colluvium, 
and  Alluvium. 

GRASS  Database  Fort  Leonard  Wood  GIS  data  layers  include:  Soils, 
Topography,  Elevation,  Geology,  Hydrology,  Archaeological  Sites,  and  Dis¬ 
turbed  Areas  on  the  fort.  The  geology  layer  is  derived  from  the  Terrain 
Analysis.  The  soil  coverage  is  from  the  Pulaski  County  Soil  Survey  (Wolf 
1989).  The  vegetation  and  disturbed  areas  is  derived  from  a  forest  survey. 
The  archaeological  site  records  were  compiled  from  hardcopy  reports  into  a 
dBase  3  file  and  attached  to  the  GRASS  database. 


Site  Specific  Archaeological  Studies 

Prehistory  of  the  Gasconade  Drainage  by  Robert  Reeder  (1988)  is  the  most 
comprehensive  archaeological  research  to  date.  This  dissertation  provides  a 
useful  synthesis  of  the  Fort  Leonard  Wood  regional  culture  history,  settlement 
patterns,  and  subsistence  data  for  the  Gasconade  drainage.  Many  of  the  sites 
used  in  the  analysis  are  located  in  Pulaski  County  and  Fort  Leonard  Wood. 
Reeder  (1988:274-278)  addressed  two  archaeologic-geomorphic  models  for  the 
Gasconade  basin  which  are  applicable  to  this  project.  While  Reeder’s  discus¬ 
sion  is  a  summary  it  is  a  good  starting  point  to  test  geomorphic  models. 

Phase  I  Archaeological  Survey  of  Selected  Areas  At  Fort  Leonard  Wood, 
Missouri  by  American  Resources  Group,  Ltd.  (March  1989)  is  a  source  of 
archaeological  data  which  adequately  met  the  basic  phase  I  guidelines. 
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Phase  I  Archaeological  Survey  of  Selected  Tracts  At  Fort  Leonard  Wood, 
Missouri  by  Ahler  and  McDowell  (1992)  offers  comprehensive  results  from 
four  cultural  areas  on  the  military  reservation.  The  report  highlights  the 
environmental  setting  describing  the  geology,  soil,  and  climate.  Following  the 
reporting  of  the  archaeological  surveys,  the  authors  related  their  work  and 
previous  work  to  a  predictive  model.  They  concluded  that  predictive  model¬ 
ing  will  require  several  iterations  and  testing,  and  must  consider  environmen¬ 
tal  landscape  variables  such  as  geology,  geomorphology,  and  geochronology. 


Summary  of  Previous  Studies 

The  recent  geomorphic  studies  conducted  along  major  streams  of  the  Salem 
Plateau  have  been  used  to  support  the  present  work  along  Roubidoux  Creek 
and  Big  Piney  River.  Detailed  work  on  the  lithology,  chronology,  and  mor¬ 
phology  of  valley  fill  from  the  lower  Pomme  de  Terre  River  was  conducted 
by  Brackenridge  (1981)  and  Haynes  (1976,  1985)  on  the  Rodger  Shelter  site. 
TTiis  site  occurs  northwest  of  the  present  work  area.  Johnson  (1981)  added 
the  pedologic  data  to  Brackenridge  and  Haynes’  geomorphology  needed  for 
regional  correlation  to  the  present  report’s  soil-geomorphic  units.  Another 
near-by  study  performed  by  Saucier  (1987),  presents  similar  types  of  data  on 
the  Current  River,  southeast  of  Fort  Leonard  Wood.  These  previous  works 
and  the  present  report  show  a  high  correlation  between  terrace  levels.  A 
geomorphic  report  of  the  upper  Gasconade  river  by  Gamble  (1993)  studied  the 
upland  geomorphic  surfaces  and  in  addition  a  surface  designated  as  the 
Lambeth  terrace.  The  occurrence  of  this  terrace  was  recognized  on  the  Osage 
Fork,  the  Gasconade,  and  the  Big  Piney  Rivers.  The  present  study  area 
includes  portions  of  the  Big  Piney  Rivers  and  Roubidoux  Creek,  a  tributary  to 
the  Gasconade.  Two  terraces,  the  Stone  Mill  Formation  and  the  Ousley 
Springs,  were  delineated  in  this  study  and  correspond  to  Gambel’s  Lambeth 
terrace.  Correlating  the  present  work  to  Brackenridge’s  (1981)  and  Haynes’ 
(1985)  nomenclature  the  Stone  Mill  Formation  compares  to  the  Breshears 
Valley  Formation  and  the  Ousley  Springs  to  the  Trolinger  Springs  Forma¬ 
tions.  Therefore,  based  on  regional  correlations  the  Stone  Mill  and  Ousley 
Springs  Formations  are  inferred  to  be  Pleistocene  age  terraces.  Table  1  pres¬ 
ents  the  soil  geomorphic  formations  and  regional  relations  to  Brackenridge 
(1981)  and  Haynes  (1985)  formations. 

The  Soil  Survey  of  Pulaski  County  by  Wolf  (1989)  was  used  as  a  resource 
for  initial  concepts  and  comparison.  The  valley  bottoms  of  the  Big  Piney 
River  and  Roubidoux  Creek  are  generally  mapped  as  the  Nolin-Huntington- 
Kickapoo  association.  The  floodplain  position  of  each  follows:  Nolin  soils 
occur  at  higher  elevations  above  the  stream  channel,  Huntington  in  lower 
areas,  and  Kickapoo  in  low  areas  adjacent  to  the  current  channels  of  streams. 
Four  other  minor  soil  series  are  used  to  map  the  valleys.  The  Moniteau  is  a 
poorly  drained  soil  mapped  on  terraces  adjacent  to  the  uplands.  On  alluvial 
fans  along  small  streams  entering  the  major  flood  plains  the  well  to  exten¬ 
sively  drained  Cedargap  soil  series  is  mapped.  On  footslopes,  the  Claiborne 
and  Hartsville  series  are  delineated.  The  soil-geomorphic  units  used  in  this 
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report  have  general  relationship  to  the  soil  series  as  presented  in  Table  2,  but 
due  to  difference  in  scale,  detail,  and  intended  use  of  the  mapping,  there  is  not 
a  consistent  relationship.  In  comparing  the  soil  survey  to  the  completed  prod¬ 
uct  of  this  report,  one  can  see  the  level  of  detail  lost  at  the  1:24,000  scale  and 
the  general  nature  of  the  placement  of  the  map  unit  boundaries.  These  limita¬ 
tions  decrease  the  value  of  utilizing  the  county  scale  soil  survey  for  Cultural 
Resource  Management  and  modeling  on  Fort  Leonard  Wood. 


Table  2 

Alloformations  Used  in  This  Study  and  Their  Relationship  to 
(Wolfe  1 989)  Pulaski  Co.  Soil  Survey  Map  Units 

SYM/Formation 

Related  Soil  Survey  Map  Units 

TO 

Cooksville 

River  delineation  and  38-Riverwash 

T1 

Happy  Hollow 

38-Riverwash  and  30A-Kickapoo  fine  sandy  loam,  0  to  3  percent  slopes 

T2 

Ramsey 

30A-Kickapoo  fine  sandy  loam,  0  to  3  percent  slopes 

T3 

Dundas 

40-Huntington  silt  loam 

T4 

Quesenberry 

29-Nolin  silt  loam  and  31A-Razort  silt  loam,  0  to  3  percent  slopes 

T5 

Miller 

29-Nolin  silt  loam  and  31  A-Razort  silt  loam,  0  to  3  percent  slopes 

T5W 

Miller  (Wet) 

26-Moniteau  silt  loam 

T6 

Ousley  Spring 

37B-Hartville  silt  loam,  2  to  5  percent  slopes 

T7 

Stone  Mill 

14C-Claiborne  silt  loam,  5  to  9  percent  slopes 

14B~Claiborne  silt  loam,  2  to  5  percent  slopes 

(&37B-Roubidoux) 

T7co 

Laughlin  Unit 

20C-Doniphan  very  cherty  silt  loam,  3  to  9  percent  slopes 

1 6C-Clarksville  very  cherty  silt  loam,  3  to  9  percent  slopes 

1 6D-Clarksville  very  cherty  silt  loam,  9  to  14  percent  slopes 

32C-Vibration  silt  loam,  3  to  9  percent  slopes 

AF 

McCann 

1 2A-Cedargap  cherty  silt  loam,  0  to  3  percent  slopes 

(Variable  and  alluvial  fans  generally  not  mapped  at  1 :24,000  scale) 

TR1 

Baldridge 

1 2A-Cedargap  cherty  silt  loam,  0  to  3  percent  slopes 

30A-Kickapoo  fine  sandy  loam,  0  to  3  percent  slopes 

TR2 

Hanna 

12A-Cedargap  cherty  silt  loam,  0  to  3  percent  slopes 
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4  Physical  Setting 


Geologic  Setting 

Fort  Leonard  Wood  is  located  within  the  Salem  Plateau  portion  of  the 
Ozark  Plateaus  Province  of  the  Interior  Highlands  (Figure  2).  The  bedrock 
underlying  and  outcropping  on  the  military  reservation  consists  of  Ordovician 
age  cherty  dolomites  and  sandstones.  The  rock  units  dip  regionally  to  the 
northwest  at  approximately  6  ft  to  the  mile  (1  m  to  the  kilometer). 


Figure  2.  Regional  physiography 
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Geologic  Units 


The  rock  units  exposed  on  the  fort  consist  of  the  Jefferson  City,  Roubi- 
doux,  and  the  Gasconade  Dolomite  Formations.  The  geologic  map  presented 
in  Figure  3  displays  a  GRASS  output  of  the  geology  coverage  of  the  fort.  A 
representative  geological  section  of  the  bedrock  on  the  fort  is  presented  in 
Figure  4  (Greenhome  and  O’Mara  1982).  Differences  in  these  formations, 
have  traditionally  been  based  upon  the  relative  amounts  of  chert  and  sand¬ 
stone,  the  type  of  dolomite,  the  type  of  chert,  etc.  (Thompson  1991). 


Jefferson  City  dolomite 

The  Jefferson  City  covers  approximately  17  percent  of  the  reservation 
(Figure  3).  This  unit  forms  the  dissected  plateau  at  higher  elevations.  A 
considerable  portion  of  this  formation  is  represented  by  weathered  clayey 
residuum.  This  is  exposed  in  the  south  central  portion  of  the  reservation 
along  Highway  1  from  the  southern  boundary  to  approximately  1  mile  (2  km) 
north  of  Bloodland.  It  is  also  found  in  the  southwest  part  of  the  reservation. 
Limited  exposures  of  dolomite  occur  on  upland  shoulders  along  the  upper 
Roubidoux  Creek  and  on  higher  elevations  throughout  the  central  and  southern 
portions  of  the  fort. 

A  light-brown  to  medium-brown,  medium  to  finely  crystalline  dolomite 
dominates  the  Jefferson  City  Formation.  Chert  is  locally  abundant  and  is 
microcrystalline.  A  thickly-bedded,  brown,  medium  crystalline  dolomite, 
locally  known  as  the  “Quarry  Ledge”  occurs  approximately  25  to  35  ft  (7  to 
10  m)  above  the  Jefferson  City-Roubidoux  contact.  It  is  a  persistent  bed  up  to 
10  ft  (3  m)  thick.  The  lower  25  to  35  ft  (7  to  10  m)  consists  of  a  light  gray, 
fine  grained  argillaceous  dolomite  commonly  referred  to  as  “cotton  rock,”  and 
sandy  chert,  oolitic  chert  and  shale  beds  (Figure  4). 

This  formation  is  approximately  190  ft  (58  m)  thick  and  occupies  the  high 
summits  and  upper  backslopes  of  tributaries.  Elevations  range  from  1,130  to 
1,320  ft.  The  contact  between  the  Roubidoux  Formation  and  the  Jefferson 
City  Formation  is  a  siliceous  oolitic,  cherty  dolomite  below  the  base  of  the 
Quarry  Ledge.  This  contact  on  the  fort  occurs  at  the  approximate  elevation  of 
1,130  ft  (345  m). 


Roubidoux  formation 

The  Roubidoux  Formation  covers  almost  two  thirds  (64  percent)  of  the 
reservation  (Figure  3),  making  it  the  predominant  formation  on  the  fort.  The 
Roubidoux  underlies  the  broad  plateau  in  the  northern  portion  of  the  fort, 
where  the  cantonment  is  situated.  Along  the  valleys  it  forms  the  gentler  upper 
slopes  bordering  the  plateau.  The  formation  outcrops  along  the  upper  back- 
slopes  of  the  northern  Roubidoux  Creek  and  the  lower  backslopes  of  the 
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5  Roubidoux  Formation 


Figure  3.  Geologic  map  of  Fort  Leonard  Wood 


central  and  southern  portions  of  the  drainage  basin.  In  the  southern  part  of 
the  fort  the  Roubidoux  Formation  underlies  the  Jefferson  City  Formation. 
Where  overlain  by  the  Jefferson  City  Formation  it  forms  steeper  slopes. 

Lithologically,  the  Roubidoux  Formation  is  highly  variable,  both  vertically 
and  laterally.  It  is  composed  of  interbedded  dolomite,  quartz  sandstone,  and 
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Vertical  Scale  1cm  “3.6m  (1  in.  *  30ft.) 


Figure  4.  Generalized  column  section  (Green  and  O'Mallary  1982) 


chert  (Figure  4).  Dolomite  predominates  but  resistant  sandstones  form  con¬ 
spicuous  ledges  in  the  landscape.  Dolomite  is  sandy  in  parts,  light  gray  to 
brown,  finely  to  medium-crystalline.  It  may  be  chert  free  or  consist  of  up  to 
fifty  percent  chert.  Sandstones  range  from  1  in.  (3  cm)  to  30  ft  thick  (9  m). 
Sandstones  are  predominantly  brown  to  red,  fine-  to  medium-grained  quartz 
sand  commonly  about  4  ft  thick  (1  m).  The  percentage  of  sandstone  in  the 
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formation  increases  regionally  from  north  to  south.  Coalesced  stromatolite 
beds  occur  throughout.  The  chert  varies  from  common  sandy  and  oolitic 
types  to  banded  and  porcelaneous  varieties.  The  chert  in  the  lower  part  of  the 
formation  appears  to  be  dark  gray  and  finely  crystalline.  Chert  forms  in 
irregular  nodules  in  the  dolomite  to  irregular  beds  up  to  10  ft  thick.  The 
entire  unit  ranges  from  130  to  165  ft  (40  to  50  m)  in  thickness. 

Thickness  of  the  Roubidoux  is  hard  to  determine  due  to  the  similarities 
between  it  and  the  Jefferson  City  Formation  above  and  the  Gasconade  Dolo¬ 
mite  below.  The  karst  process  of  solution  also  adds  to  the  differentiation 
problem.  Solutioning  is  a  process  whereby  strata  of  a  high  solubility  weathers 
from  beneath  strata  of  lesser  solubility.  The  strata  of  low  solubility  descends 
as  material  below  is  removed.  Solution  process  appears  to  occur  to  a  greater 
extent  on  the  inside  of  meanders  and  to  a  lesser  extent  on  the  outside  of  mean¬ 
ders.  The  contact  between  the  Roubidoux  and  Gasconade  Formations  gener¬ 
ally  occurs  between  elevation  1,000  to  950  ft  (305  to  290  m). 


Gasconade  Dolomite  Formation 

This  unit  covers  almost  12  percent  of  the  reservation  (Figure  3).  The 
Gasconade  Formation  is  found  along  the  valley  walls  of  the  Big  Piney  River 
and  Roubidoux  Creek  and  intermittent  tributaries,  such  as  Hurd  Hollow,  and 
Smith  Branch.  It  is  the  bluff  former  at  the  base  of  the  valley  walls.  Outcrop¬ 
pings  of  the  Gasconade  Formation  occur  on  the  lower  backslopes  along  the 
northern  and  central  portions  of  Roubidoux  Creek  and  Big  Piney  River. 

The  Gasconade  is  predominately  a  light  gray  to  brownish  gray,  fine-to 
coarse-grained,  medium-to  massively  bedded  dolomite  (Figure  4).  Unlike  the 
overlying  Roubidoux  Formation,  the  Gasconade  rarely  contains  chert  and  is 
relatively  free  of  sand  in  the  section  outcropping  at  the  fort.  Only  the  upper 
165  ft  (50  m)  of  the  Gasconade  is  exposed  on  the  fort.  This  upper  part  is 
highly  soluble  and  contains  many  caves  and  springs.  For  example,  Miller 
Cave  and  Miller  Spring  are  located  in  the  Gasconade  Formation.  The  upper 
30  ft  (9  m)  of  the  formation  is  relatively  chert  free  with  a  few  stromatolitic 
stringers. 


Alluvium 

The  alluvium  occupies  6  percent  of  the  reservation  surface  (Figure  3).  The 
alluvium  is  deposited  in  the  floodplains  of  the  Big  Piney  River,  Roubidoux 
Creek  and  the  major  tributaries.  Portions  of  the  unit  are  subject  to  periodic 
flooding.  Reaches  of  the  Roubidoux  Creek  are  a  “losing”  stream,  i.e.,  the 
surface  flow  is  lost  to  subterranean  cavities,  and  the  nature  of  alluvium  and 
stream  morphology  is  affected  in  these  reaches. 

The  alluvium  consists  of  a  gravelly  basal  unit,  named  substratum  for  the 
purposes  of  this  report.  Overlying  the  substratum  are  finer  grained  sands, 
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silts,  and  clays  called  topstratum.  The  gravel  is  predominandy  chert  derived 
initially  from  the  weathering  of  cherty  dolomites  and  later  from  reworking  of 
the  colluvium.  The  sands  are  derived  from  the  sandy  dolomites  and  sand¬ 
stones,  and  from  reworking  colluvium  and  former  alluvium.  The  silt  is 
derived  from  the  loess  capped  uplands.  The  lower  reaches  of  the  Roubidoux 
Creek  and  Big  Piney  River  have  a  3  to  6  ft  (1  to  2  m)  silt  veneer  topstratum 
overlying  the  gravelly  substratum.  Clay  is  formed  during  weathering  of  dolo¬ 
mites  and  soil  genesis. 


Colluvium 

Colluvium  as  mapped  in  the  terrain  analysis  adas  (Greenhome  and  O’Mara 
1982)  comprises  1  percent  of  the  fort’s  property.  The  unit  is  situated  at  the 
base  of  the  valley  walls  and  in  the  intermittent  tributaries  of  the  Roubidoux 
and  Big  Piney.  The  unit  occurs  on  footslopes  and  toeslopes  with  local  relief 
10  to  70  ft  (3  to  20  m)  above  the  local  streams.  The  colluvium  consists  of 
gravelly  sand  and  clay  derived  from  the  adjacent  slopes  of  sandy  and  cherty 
dolomite,  and  sandstone.  The  silts  are  largely  reworked  loess.  The  gravel 
portion  of  the  colluvium  consists  of  chert  and  sandstone  fragments. 


Residuum 

Physical  and  chemical  weathering  has  altered  the  bedrock  into  a  residual 
soil.  Dolomite,  a  soluble  carbonate  rock,  weathers  into  a  reddish  silty  clay, 
known  as  residuum  or  terra  rosa  for  red  earth.  Chert  and  sandstone,  resistant 
to  weathering,  form  angular  fragments  in  the  matrix  of  the  red  clay.  Relict 
bedding  structures  are  visible  in  soil  where  no  major  movement  has  occurred. 
The  depth  to  bedrock  surface  is  highly  variable.  The  residual  soil  thickness 
varies  from  less  than  one  foot  to  more  than  100  ft  (30  m).  Generally,  the 
residual  soil  is  thinnest  on  the  steep  hill  slopes  and  thickest  on  the  broad 
ridges.  However,  due  to  the  variability  of  karst  dissolution  processes,  site 
specific  borings  are  needed  for  any  major  construction  project.  Approxim¬ 
ately  18  to  30  in.  (45  to  75  cm)  of  loess  covers  the  stony  residuum  on  the 
more  stable  landforms. 


Climate 


Fort  Leonard  Wood  has  a  humid  temperate  climate.  The  average  annual 
temperature  is  60°F.  Summer  temperatures  average  75 °F.  Winter  tempera¬ 
tures  average  35 °F.  Figure  5  shows  the  mean  monthly  temperature  and  pre¬ 
cipitation.  The  average  annual  precipitation  is  about  40  in.  Over  half  of  this 
precipitation,  23  in.  falls  in  April  through  September.  Thunderstorms  usually 
happen  45  days  a  year.  The  average  snow  fall  is  about  13  in.  One  inch  of 
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5  Geomorphic  Investigation 


Field  Studies 

Objectives  and  approach 

The  objective  of  the  field  studies  were  to  conduct  soil  sampling  of  selected 
floodplain  reaches  to  determine  temporal,  lithological,  and  morphological 
relationships  between  the  alluvial  surfaces  of  the  Roubidoux  Creek  and  Big 
Piney  River  watersheds.  Site  visits  consisted  of  a  general  reconnaissance  and 
detailed  field  investigations.  A  general  reconnaissance  was  conducted  during 
the  first  phase  to  evaluate  the  results  of  the  previous  geologic  and  soil  map¬ 
ping  and  to  identify  locations  for  later  soil  borings.  The  soil  geomorphology 
study  of  Fort  Leonard  Wood  was  begun  during  the  summer  of  1993.  During 
detailed  field  investigations,  soil  sampling  of  selected  geomorphic  surfaces  was 
conducted  to  obtain  sediments  for  radiocarbon  dating  and  determine  general 
soil  properties  of  the  various  soil  geomorphic  units.  Soil  samples  were 
analyzed  and  tested  in  the  laboratory  to  determine  specific  stratigraphic  and 
chronological  properties  characteristic  of  the  study  area.  Samples  for  radio¬ 
carbon  dating  were  taken  to  reconstruct  the  general  chronology  of  the  study 
area  by  dating  selected  stratigraphic  horizons  and  their  associated  geomorphic 
features.  Selected  sediment  samples  provided  pollen  for  further  analysis  of 
the  paleoenvironmental  record.  In  addition,  soils  data  were  used  to  define  the 
sedimentological  characteristics  of  the  different  geomorphic  units  to  aid  in 
reconstructing  the  evolution  of  the  study  area.  Three  sites  were  investigated 
with  a  power  auger  and  a  series  of  backhoe  trenches.  The  sites  were  chosen 
to  represent  the  different  valley  landforms  and  cultural  resource  management 
units. 


Soil  sampling 

Soil  samples  were  obtained  with  a  Giddings  drilling  rig  using  a  2  in.  split 
spoon  and  3  in.  auger.  Borings  to  bedrock  were  conducted  at  approximately 
100  ft  (30  m)  spacings  along  transects  perpendicular  to  the  stream  channel. 
Sampling  with  the  split  spoon  was  conducted  in  the  upper  fine-grained 
topstratum  sediments  (sand,  silt,  and  clay).  Where  refiisal  occurred,  i.e.,  the 
split  spoon  ceased  to  penetrate  the  gravel  deposits  underlying  the  substratum, 
the  auger  drilled  to  top  of  bedrock.  Descriptions  were  taken  on  the  finer 
materials  occurring  near  the  surface  with  decreasing  detail  recorded  with 
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depth.  Additional  soil  samples  and  stratigraphic  information  was  obtained  by 
trenching  selected  spots  of  the  floodplain  landscape.  A  series  of  backhoe 
trenches  were  opened  along  each  of  the  boring  transects  to  better  correlate  the 
lithology  of  the  upper  60  in.  (1.5  m)  to  alloformations.  Representative  pro¬ 
files  were  described  in  detail  (Soil  Survey  Staff  1993)  and  sampled  for  labora¬ 
tory  analysis.  A  transit  survey  was  conducted  on  each  of  the  boring  and 
trench  location  for  elevation  control.  Lithological  and  pedological  investi¬ 
gations  were  conducted  during  the  summer  and  fall  of  1993  through  the  use  of 
borings  and  trenches.  Logs  of  borings  and  detailed  measured  sections  of  the 
trenches  are  presented  in  Appendix  A.  Boring  logs  in  Appendix  A  contain 
descriptions  of  soil  type,  color  (Munsell),  texture,  soil  structure,  consistency, 
and  stratigraphic  thickness.  Detailed  measured  sections  contain  complete  soil 
profile  descriptions  (Appendix  A).  Sample  cores  were  photographed  in  the 
field  and  photographic  record  is  on  file  at  USAEWES,  for  future  reference. 


Field  mapping 

Field  mapping  was  initiated  in  January,  1994  with  the  charge  of  mapping 
alloformations  in  conjunction  with  geomorphic  surfaces  along  the  Roubidoux 
Creek  and  Big  Piney  River  watershed  of  Fort  Leonard  Wood.  A  1991  aerial 
photo  base  at  a  scale  of  1:12,000  was  selected  for  mapping.  This  scale 
accommodated  the  level  of  detail  needed  for  delineation  of  small  units  for  the 
Cultural  Resource  Management.  Units  were  separated  by  transversing  the 
stream  valleys  in  a  semi-perpendicular  line  both  towards  and  away  from  the 
stream  channel.  Truck  mounted  power  and  hand  probe  and/or  auger  were 
used  to  investigate  the  lithology  and  pedimorphic  form  (Daniels  and  Yaalon 
1968).  Alloformations  were  separated  based  on  their  occurrence  on  geomor¬ 
phic  surfaces,  pedimorphic  form,  lithology,  and  drainage.  Alloformations 
were  further  subdivided  in  allomembers  based  on  surface  color,  gravel  con¬ 
tent,  and  moisture  conditions.  Soil-geomorphic  mapping  results  are  presented 
in  back  of  the  report  as  plates.  Presentation  of  the  soil-geomorphic  mapping 
uses  a  township  and  range  section  frame.  Typical  transects  across  the  valleys 
are  presented  as  soil-geomorphic  cross  sections.  The  transects  or  sections  are 
found  as  plates. 


Laboratory  Analyses 


Laboratory  testing  and  analyses  consisted  of  preparing  detailed  boring  logs 
of  the  soils  and  sedimentary  structure  and  performing  radiometric,  and  bio- 
stratigraphic  testing  of  selected  samples.  These  tests  were  used  to  characterize 
important  soil  and  stratigraphic  properties  about  the  different  soil  geomorphic 
environments  and  to  aid  in  the  paleoreconstruction  of  the  project.  Selected 
samples  from  the  borings  and  trenches  were  transported  to  University  of 
Missouri,  Columbia,  MO  for  later  laboratory  testing  and  analysis.  Standard 
soil  characterization  analysis  methods  given  in  Soil  Survey  Investigation 
Report  No.  1  (Soil  Survey  Staff  1984)  were  used.  Lab  test  results  are  pre¬ 
sented  in  Appendix  B. 
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Radiocarbon  dating 

Radiocarbon  dating  of  selected  stratigraphic  horizons  was  used  to  deter¬ 
mine  the  general  chronology  of  the  Fort  Leonard  Wood  project  area.  Samples 
submitted  for  carbon  dating  were  primarily  charcoal  from  trenches.  By  dating 
selected  available  organic  material  a  time  sequence  of  the  valleys  could  be 
developed.  Twenty  soil  samples  were  sent  to  Beta  Analytic  Inc.,  Coral 
Gables,  FL,  for  radiocarbon  dating.  Three  of  the  samples  submitted  had 
insufficient  carbon  for  analysis.  Test  results  from  the  submitted  samples  are 
presented  in  Appendix  C. 


Biostratigraphy 

A  pollen  analysis  of  selected  soil  samples  from  the  study  .area  was  con¬ 
ducted  to  determine  the  effects  and  significance  of  changing  paleoenvironmen- 
tal  conditions  during  the  Holocene  and  to  assist  with  the  reconstruction  of  the 
general  chronology  for  this  area.  Twenty  sediment  samples  from  two  trenches 
and  one  core  were  submitted  to  Dr.  James  Huber,  Archaeometric  Laboratory, 
University  of  Minnesota,  Duluth,  for  a  general  pollen  analysis.  The  pollen 
report  by  Dr.  Huber  is  presented  in  Appendix  D.  The  report  provides  an 
overview  of  the  laboratory  procedures,  the  pollen  analyses,  and  test  results. 


Chapter  5  Geomorphic  Investigation 


27 


6  Soil  Geomorphic  Units 


Introduction 

Objectives 

The  objectives  of  this  chapter  are  as  follows:  identify  and  define  the  prin¬ 
cipal  soil-geomorphic  units  or  alloformations;  classify  the  allofonnations 
according  to  their  lithology,  pedologic  development,  and  relate  ages  of  allofor¬ 
mations  to  geomorphic  position. 


Allostratigraphic  units 

Allostratigraphic  units  were  chosen  to  represent  the  divisions  of  the 
alluvium  and  colluvium  for  archaeological  management  on  Roubidoux  Creek 
and  Big  Piney  River.  An  allostratigraphic  unit  is  a  mappable  stratiform  body 
of  sedimentary  rock  that  is  defmed  and  identified  on  the  basis  of  its  bounding 
discontinuities  (North  American  Stratigraphic  Code  1983).  The  upper  bound¬ 
ary  is  determined  by  a  geomorphic  surface  as  defined  previously.  Each 
alloformation  was  named  for  a  local  cultural  feature,  i.e.,  stream  crossing, 
cemetery,  town,  etc.  Alloformations  associated  with  Roubidoux  Creek  and/or 
Big  Piney  River  were  designated  using  an  ascending  numerical  system,  with 
TO  being  the  youngest  and  T7  the  oldest.  Three  additional  alloformations 
were  used,  two  to  represent  tributary  soils.  (TR1  and  TR2)  and  one  to  depict 
alluvial  fans  (AF).  The  results  of  the  mapping  are  presented  on  plates  in  the 
back  of  the  report. 

Each  alloformation  is  described  by  name,  stratigraphy,  and  elevation  above 
the  streams  in  Table  3.  The  lithology,  geomorphology,  and  important  genetic 
properties  are  discussed  in  detail.  Table  4  presents  the  alloformation  names 
used  in  this  study  and  related  soil  series  occurring  in  the  alloformations.  An 
idealized  transect  containing  all  of  the  allostratigraphic  units  across  the  stream 
valleys  is  portrayed  in  Figure  6.  Rarely  are  all  the  allostratigraphic  units 
preserved  in  any  reach  of  the  Roubidoux  Creek  or  Big  Piney  River.  Figure  6 
is  presented  to  give  the  complete  terrace  fill  sequence  for  a  paradigm  or  geo¬ 
morphic  framework  to  envision  the  valley  fill.  Actual  valley  transects  are 
presented  in  the  plate  section  of  the  report.  The  significance  of  the 
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Table  3 

Formation  Symbols  and  Names,  Sediment  Type,  Soil  Horizons1 
and  Geomorphic  Position 

Formation 

Sediment  and  soil  characteristics 

Elevation 

Above 

Streams 

TO 

Cooksville 

Actual  stream  and  gravel  and  sand  bars.  All  C  material. 

0-.6m 

T1 

Happy  Hollow 

Horizons  of  stratified  gravel  and  sand. 

C1-2Ab-2C2-2C3  horizonation. 

1.8m 

T2 

Ramsey 

Dominated  by  sand.  Areas  of  gravel. 

A-AC-2Ab-2C1-2C2  horizonation. 

2.7m 

T3 

Dundas 

Dominated  by  silt.  >15  percent  sand. 

A1-A2-Bw1-Bw2  horizonation. 

3.4m 

T4 

Quesenberry 

Equal  amounts  of  particle  sizes. 

Ap-Bw-Bt-C  or  Ap-Bw1-Bw2-C  horizonation. 

4.2m 

T5 

Miller 

Dominated  by  silt.  Areas  of  gravel. 

Ap-Bt1-Bt2-Bt3  horizonation. 

5.5m 

T6 

Ousley  Spring 

Dominated  by  clay.  Ap-Bt-Btg1-Btg2  or 

Ap-E-Btg1-Btg2  horizonation. 

6.7m-10.5m 

T7 

Stone  Mill 

Equal  or  dominated  by  clay.  Some  pans. 

Ap-Bt1-2Bt2  or  2Btx-3Bt3  horizonation. 

8. 5m- 18m 

T7co 

Laughlin 

Variable.  Some  pans.  Colluvium,  residuum. 

A-Bt1-2Bt2  or  2Btx-3Bt3  horizonation. 

1 2.2m- 20m 

AF 

McMann 

Dominated  by  gravel  and  cobbles. 

A-Bt12-Bt2  or  A-Bw-C  horizonation. 

3.4m-9m 

TR2 

Hanna 

Mixed  alluvium.  Dominated  by  gravel. 

A-Bw-Bt1-Bt2  horizonation. 

7.6m  at 
mouth 

TR1 

Baldridge 

Mixed  alluvium.  Dominated  by  gravel. 

A-C1-C2  horizonation. 

2.7m 

1  Lithologic  discontinuity  horizon  designators  were  used  in  the  alluvium  in  this  report  to 
depict  related  fluvial  packages. 

allofonnation  to  the  archaeological  survey  and  cultural  resource  management 
work  on  Fort  Leonard  Wood  is  discussed  in  Chapter  8. 

Subscripts  were  employed  to  represent  the  differences  in  allomembers  of 
the  formation  on  the  soil-geomorphic  maps  (see  plates  in  back  of  report). 
Subscripts  used  for  lithology,  pedogenesis  or  landform  variation  from  the  typi¬ 
cal  alloformation  concept  follow: 


c:  clayey  soil 

o:  dark  surface 

r:  >35%  gravel 

s:  slough 

w:  wet  soil 
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Table  4 

Formation  Names,  and  Related  Soil  Series1 

Formation 

Related  Series 

TO 

Miscellaneous  units. 

Cooksville 

No  vegetation. 

T1 

Wideman,  Kaintuck,  Sandbur,  and  Relfe. 

Happy  Hollow 

No  psamments  mapped  in  Missouri. 

Entisols  (Udifluvents  and  Psamments). 

T2 

Lomax,  Landes,  Lanier,  and  Cedargap. 

Ramsey 

Mollisols  (Hapludolls,  Cumulic  or  Fluventic) 

T3 

Huntington,  Boonesboro,  Chagrin,  and  Ray.  j 

Dundas 

Mollisols  (Hapludolls,  Fluventic). 

Inceptisols  (Eutrocrepts,  Dystric  Fluventic)- 

T4 

Razort,  Billet,  and  Possumtrot. 

Quesenberry 

Alfisols  (Hapludalfs,  Moilic  and  Typic) 

Inceptisols) 

T5 

Elk,  Ashton,  Secesh,  Waben,  and  Moniteau. 

Miller 

Alfisols  (Hapludalfs,  Ultic  or  Moilic), 

(Epiaqualfs,  Typic). 

T6 

Hartviile,  Tanglenook,  and  Okaw. 

Ousley  Spring 

Alfisols  (Hapludalfs,  Aquic),  Epiadualfs,  Typic) 

Mollisols  (Argiaquoll,  Typic) 

T7 

Britwater,  Claiborne,  Lecoma,  Hartviile,  Yelton,  Hobson  and  Pomme. 

Stone  Mill 

Alfisols  (Paleudalfs,  Typic),  (Hapludalfs,  Aquic) 

Ultisols  (Paleudults,  Typic),  (Fragiudults,  Typic) 

T7co 

Poynor,  Clarksville,  and  Tonti. 

Laughlin 

Ultisols  (Paleudults,  Typic),  (Fragiudults,  Typic) 

AF 

Waben,  Secesh. 

McMann 

Alfisols,  (Hapludalfs,  Ultic) 

Inceptisols  (Eutrocrepts,  Dystric  Fluventic) 

TR2 

Shipsee,  Waben,  and  Secesh. 

Hanna 

Mollisols,  (Argiudolls,  Typic)  i 

TR1 

Cedargap. 

Baldridge 

Mollisols  (Hapludolls,  Cumulic) 

1  Source  of  soil  series. 

Miscellaneous  units  were  adopted  to  reflect  special  circumstances  on  the 
fort.  Symbols  and  unit  names  follow: 

B:  Borrow  area 

C:  Construction  area 

CO:  Colluvial  wedge  area 

E:  Escarpment  W/O  bedrock 
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Spot  symbols  and  some  cultural  features  were  displayed  on  the  maps  to 
supply  information  on  small  areas  within  alloformations  that  could  not  be 
delineated  and  furnish  assistance  in  location.  Symbols,  features  and  names 
follow: 


6: 

RES  BDY: 

t: 

X: 


wet  spot 
gravelly  area 
spring 

disturbed  area 
reservation  boundary 
drainage  end 
cemetery 
quarry 


Alloformations 

TO-Cooksville  formation 

The  Cooksville  formation  consists  of  channel  and  associated  point  bar 
deposits  of  the  Big  Piney  River  and  Roubidoux  Creek.  The  bars  are  com¬ 
posed  of  varying  amounts  of  sand,  gravel,  and  cobbles.  Amounts  of  each 
component  are  determined  by  the  hydraulics  operating  in  that  reach  of  the 
stream.  These  units  are  narrow  and  elongated,  with  an  undulating  surface 
composed  of  convex  and  concave  areas.  They  usually  occur  on  the  inside  of 
meanders.  The  bars  lack  well  established  vegetation  with  only  recent  willow 
(Salix  sp .)  and  occasional  sycamore  ( Platanus  occidentals)  present.  Elevation 
above  the  present  steam  surface  is  0  to  0.6  m.  Units  range  from  1/4  acre  to 
approximately  10  acres  in  size. 

This  formation  ranges  in  age  from  0  to  approximately  100  years  before 
present.  Stream  processes  cause  the  bars  to  migrate  downstream.  The  recent 
nature  of  its  deposition  results  in  no  signs  of  pedogenesis  and  therefore  soils 
classify  into  the  Entisol  order.  The  pedomorphic  form  would  be  a  C-Cbl-Cb2 
or  C1-2C2-2C3.  A  typical  representation  of  TO  Cooksville  can  be  seen  by 
examining  boring  LR-1  (Appendix  A).  This  formation  is  represented  as  river- 
wash  in  the  Pulaski  County  Soil  Survey  (Wolf  1989). 


Tl-Happy  Hollow 

The  Happy  Hollow  formation  consists  of  sand,  gravel,  and  some  cobbles. 
Vegetation  consisting  of  sycamore  ( Platanus  occidentals)  and  green  ash 
(Fraxinus  pennsylvanica)  has  established  itself  on  this  formation.  It  is  still  in 
the  process  of  aggradation  and/or  degradation.  Frequent  flooding  and  deposi¬ 
tion  of  all  sizes  of  materials  can  be  expected.  Areas  viewed  exhibited  as 
much  as  12  in.  (30  cm)  of  deposition  from  the  flood  of  1992.  The  unit  is 
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narrow  and  elongated,  with  an  undulating  surface  composed  of  convex  and 
concave  areas.  This  unit  parallels  the  present  stream.  Elevation  above  the 
stream  surface  is  around  5.9  ft  (1.8  m).  Extent  of  the  formation  ranges  from 
1/4  acre  to  7  acres. 

Materials  in  this  formation  range  in  age  from  0  to  300  years  before  pres¬ 
ent.  Signs  of  pedogenesis  are  weak  in  this  formation  although  most  areas 
have  been  stable  long  enough  to  allow  for  development  of  a  surface  horizon. 
The  majority  of  the  historic  surface  has  been  buried  by  more  recent  deposi¬ 
tion.  Soils  classify  into  the  Entisol  order.  The  pedomorphic  form  is  a 
Cl-2Ab-2C2-2C3.  Representative  soil  series  are  Wideman,  Kaintuck, 
Kickapoo,  Sandbur,  and  Relfe.  The  typical  allostratigraphy  is  presented  in 
Figure  7.  Abbreviations  used  on  the  typical  allostratigraph  are  listed  in 
Appendix  6. 


Tl-Allomembers 

One  member  of  the  Happy  Hollow  formation  was  differentiated.  This 
member  (Tls)  consists  of  sloughs  that  had  been  cut  into  by  the  present  stream 
system.  They  are  usually  gravelly  and  some  contained  standing  water. 


T2-Ramsey  formation 

Sand  is  the  dominant  component  of  the  Ramsey  Formation.  Vegetation 
consists  of  hackberry  ( Celtais  occidentlis),  ash  (Fraxinus  pennsylvanica),  black 
walnut  (. Juglans  nigra),  black  cherry  ( Prunus  sertonia)  and  sycamore  ( Plata - 
nus  occidentals).  This  formation  is  the  largest  unit  that  still  experiences  fre¬ 
quent  flooding.  Associated  deposits  of  sand  and  fine  gravel  occur  in  narrow 
bands  near  the  edges  of  the  formation  and  in  sloughs.  This  formation  is  wide, 
elongated,  and  nearly  level,  running  parallel  to  the  present  stream.  Elevation 
above  the  present  stream  surface  is  around  8.9  ft  (2.7  m).  Extent  of  the 
formation  ranges  from  1  to  60  acres. 

Deposition  of  the  Ramsey  formation  spanned  the  period  from  300  to 
1,370  years  B.P.  based  on  age  dates  (Appendix  C)  and  possibly  reaches  up  to 
1,600  years  B.P.  (correlated  to  Brackenridge  1981).  Cumulic  surfaces  have 
formed  on  this  unit  and  the  dark  colors  extend  to  a  depth  of  40  in.  (1  m)  or 
more.  Soils  classify  into  the  Mollisol  order.  The  pedomorphic  form  is 
A-Ab-Cbl-Cb2.  Representative  series  are  the  Lomax  and  Landes.  A  graphic 
presentation  of  the  typical  Ramsey  allostratigraphy  is  found  in  Figure  8. 


T2-AI!omembers 

Two  members  are  distinguished  in  the  Ramsey  formation.  The  first  (T2s) 
consisted  of  the  sloughs  that  were  very  common  in  this  unit.  In  some  areas 
along  the  Roubidoux  Creek  the  sloughs  formed  a  braided  pattern.  Many  of 
these  sloughs  contain  water  and  some  on  the  upstream  side  had  deposits  of 
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Figure  7.  Typical  T1  Happy  Hollow  allostratigraphy 
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Figure  8.  Typical  T2  Ramsey  allostratigraphy 
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sand  and  gravel.  The  second,  (T2r)  was  composed  of  similar  materials  as  the 
Ramsey  formation  but  contained  more  than  35  percent  gravel  throughout. 

This  portion  of  the  formation  would  be  represented  by  the  Cedargap  or  Lanier 
series. 


T3-Dundas  formation 

Silt  and  sand  are  the  major  components  of  the  Dundas  formation  with  silt 
dominating.  Small  areas  with  up  to  35  percent  gravel  occur.  Vegetation  con¬ 
sists  of  hackberry,  green  ash,  black  walnut  and  black  cherry.  This  formation 
is  occasionally  to  frequently  flooded.  Deposition  of  material  consists  of  silt 
and  very  fine  sand  size  particles.  The  unit  is  wide  and  elongated  to  rectangu¬ 
lar.  It  is  nearly  level  and  parallels  the  present  stream  to  an  extent.  Elevation 
above  the  present  stream  surface  is  around  11.1  ft  (3.4  m).  Extent  of  the 
formation  ranges  from  1  to  70  acres. 

The  age  of  the  Dundas  Formation  encompasses  from  1,600  to  3,000  years 
B.P.  Dark  surfaces  occur  on  this  formation  and  extend  to  a  depth  of  6  to 
18  in.  Soils  classify  into  the  Inceptisol  and  Mollisol  orders.  The  pedomorp- 
hic  form  is  Al-A2-Bwl-Bw2.  Representative  series  are  the  Huntington, 
Boonesboro,  Chagrin  and  Ray.  A  typical  allostratigraphic  section  is  presented 
in  Figure  9. 


T3-Allomembers 

Sloughs  (T3s)  were  separated  as  one  of  the  members  of  the  Dundas  forma¬ 
tion.  These  sloughs  still  carry  flood  water,  but  few  have  standing  water  for 
long  periods  of  time.  One  acted  as  the  outlet  for  an  upland  drainage  system. 
A  few  small  areas  (T3r)  were  separated  from  the  formation  were  the  gravel 
exceeded  35  percent. 


T4-Quesenberry  formation 

The  Quesenberry  formation  marks  the  first  major  geomorphic  separation. 
The  previously  discussed  formation  could  be  considered  as  making  up  the 
present  day  floodplains.  The  Quesenberry  formation  is  the  initiation  of  what 
could  be  considered  the  terrace  system.  This  is  based  on  the  flooding  fre¬ 
quency  and  the  pedimorphic  form. 

The  Quesenberry  Formation  is  composed  of  nearly  equal  amounts  of  clay 
silt  and  sand.  Gravel  is  present  in  much  of  the  formation  and  ranges  from 
5  to  25  percent.  Past  clearing  of  this  formation  is  evident  and  it  is  now  in  the 
process  of  regeneration.  Vegetation  consists  of  successional  species  of 
grasses,  small  trees,  and  brambles.  This  formation  varies  in  regard  to  its 
flooding  frequency,  ranging  from  rarely  to  nonflooded.  Deposition  of  mate¬ 
rial  consists  of  very  fine  sand  particles  on  old  natural  levees.  The  unit  is 
nearly  level,  wide  to  narrow,  and  elongated  to  rectangular.  The  formation 
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parallels  the  boundaries  of  old  meanders.  Elevation  above  the  present  stream 
surface  is  around  13.8  ft  (4.2  m).  Size  of  the  formation  ranges  from  1  to 
20  acres. 

The  age  of  the  Quesenberry  formation  extends  from  3,000  to  3,900  years 
B.P.  Dark  surfaces  occur  on  this  formation  and  extend  to  a  depth  of  7  to 
8  in.  Soils  classify  into  the  Alfisol  and  Inceptisol  orders.  The  pedomorphic 
form  is  Ap-BW-Bt-C  or  Ap-Bwl-BW2-C.  Representative  series  are  the 
Razort,  Billet,  and  Possumtrot.  A  typical  T4  Quesenberry  allostratigraphy  is 
shown  in  Figure  10. 


T4-Allomembers 

Gravel  content  exceeded  35  percent  in  several  areas  and  were  designated  as 
(T4r).  This  is  especially  prevalent  in  the  tributaries  to  Roubidoux  Creek. 

This  is  due  to  the  members  being  closer  to  the  source  of  gravel  and  the 
decreased  volume  and  velocity  of  the  stream  flow.  Many  sloughs  (T4s)  or 
abandoned  channels  were  separated  from  the  formation.  The  sloughs  rarely 
carry  flood  water  and  very  few  have  standing  water.  Other  areas  were  sepa¬ 
rated  which  showed  signs  of  wetness  in  the  subsoil  T4w.  These  areas  were 
usually  associated  with  springs. 


T5-Miller  formation 

The  Miller  formation  is  dominated  by  silt.  Gravel  is  present  in  some  of 
the  formation  and  ranges  from  5  to  25  percent.  Past  clearing  of  this  forma¬ 
tion  is  evident  and  it  is  now  in  the  process  of  regeneration.  Vegetation  con¬ 
sists  of  grasses,  small  trees,  and  brambles.  Several  walnut  plantations  are 
located  on  this  formation.  This  formation  is  the  largest  of  die  formation 
which  is  non-flooded  or  experiences  only  rare  flooding.  Flooding  on  this 
formation  was  recorded  on  only  one  portion  on  the  southern  border  of  the 
fort.  For  all  practical  purposes  this  formation  can  be  considered  as  being  non- 
flooded.  The  unit  is  nearly  level,  wide,  and  rectangular.  The  formation 
parallels  the  boundaries  of  old  meanders  or  shows  no  relation  to  the  present 
day  stream  pattern.  Elevation  above  the  present  stream  surface  is  around 
18.0  ft  (5.5  m).  Extent  of  the  formation  ranges  from  1/4  to  180  acres. 

The  age  of  the  Miller  Formation  is  in  the  vicinity  of  4,300  to  10,000  years 
B.P.  Light  surfaces  dominate  this  formation  Soils  classify  into  the  Alfisol 
order.  The  pedomorphic  form  is  Ap-Bd-Bt2-Bt3.  Representative  series  are 
the  Elk  and  Secesh.  A  representative  allostratigraphic  section  of  the  T5  Miller 
Formation  is  presented  in  Figure  11. 


T5-Allom  embers 

This  formation  has  the  greatest  number  of  allomembers  and  the  description 
of  each  follows.  Gravel  content  exceeded  35  percent  in  several  areas  and 
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Figure  1 0.  Typical  T4  Quesenberry  allostratigraphy 
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Figure  1 1 .  Typical  T5  Miller  allostratigraphy 
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were  mapped  as  separate  members  (T5r).  This  happened  in  areas  where 
deposition  of  gravel  from  tributaries  was  incorporated  into  the  formation. 
Thus,  the  T5r  is  interfingered  with  time  equivalent  tributary  (TR2)  deposits. 
This  portion  of  the  formation  would  be  represented  by  the  Waben  series.  A 
few  sloughs  (T5s)  were  separated  from  the  formation.  These  no  longer  carry 
flood  water  but  paleodrainage  can  be  inferred  from  their  location.  Some 
contain  ponded  water  from  seepage  and  direct  input  from  upland  drainages. 

Several  members  were  separated  which  showed  signs  of  wetness  in  the 
subsoil  and  surface  (T5w).  Figure  12  portrays  a  typical  T5w  Miller  wet 
allostratigraphic  section.  Some  of  them  had  standing  water.  The  Moniteau 
series  represents  this  member.  Dark  surfaces  occur  in  several  areas  also. 
These  zones  (T5o)  possibly  represent  open  grassland  or  savannahs.  These  are 
represented  by  the  Ashton  series.  Figure  13  portrays  a  typical  T5o  Miller 
organic  allostratigraphic  section.  The  final  members  of  die  Miller  formation 
consist  of  dark  surfaced,  wet  areas  (T5wo)  and  dark  surfaced,  wet  and  clayey 
areas  (T5wco).  These  members  are  in  some  cases  associated  with  springs. 
The  Hepler  series  represents  the  (T5wo)  member  and  the  Dunning  series 
represents  the  (T5wco)  member. 


T6-Ousley  Spring  formation 

Clay  is  the  dominate  particle  size  of  the  Ousley  Spring  formation.  As  a 
result  die  formation  is  characterized  by  a  somewhat  poorly  drained  class; 
poorly  drained  portions  are  separated  as  an  allomember.  Past  clearing  of  this 
formation  is  evident  and  it  is  now  in  the  process  of  regeneration.  Vegetation 
consists  of  grasses,  sedges,  small  trees,  and  brambles.  This  formation  is  non- 
flooded.  The  formation  is  gently  sloping,  wide,  and  rectangular.  The  forma¬ 
tion  shows  no  relation  to  the  present  day  stream  pattern  and  the  majority  of 
this  formation  is  found  in  old  cut-off  meanders.  Elevation  above  the  present 
stream  surface  ranges  from  22.0  to  34.4  ft  (6.7  to  10.5  m).  Extent  of  the 
formation  ranges  from  2  to  120  acres. 

The  Ousley  Spring  formation  age  is  estimated  to  range  from  10,000  to 
55,000  years  B.P.  based  on  correlations  with  Brackenridge’s  (1981)  geochro¬ 
nology.  Light  surfaces  dominate  this  formation.  Soils  classify  into  the  Alfisol 
and  Mollisol  orders.  The  pedomorphic  form  is  Ap-Bt-Btgl-Btg2.  The  repre¬ 
sentative  series  is  Hartville.  A  typical  representation  of  T6  Ousley  Springs  is 
shown  in  Figure  14. 


T6-Allomembers 

One  member  which  showed  signs  of  wetness  throughout  the  soil  profile 
(T6w)  was  distinguished.  This  unit  characteristically  had  standing  water 
during  the  spring  season.  The  Okaw  series  would  represent  this  member. 
Dark  surfaces  occurred  other  members  (T6o  and  T6wo)  and  were  associated 
with  the  abandoned  channels  or  old  cut-off  meanders.  Drainage  covered  both 
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Figure  12.  Typical  T5w  Miller,  wet  allostratigraphy 
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Figure  13.  Typical  T5o  Miller,  organic  allostratigraphy 
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Figure  14.  Typical  T6  Ousley  Spring  allostratigraphy 
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classes  describe  above.  These  sites  possibly  represent  open  grassland  or 
savannahs.  The  T6wo  member  is  represented  by  the  Tanglenook  series. 


T7-Stone  Mill  formation 

The  Stone  Mill  formation  represents  the  second  major  geomorphic  separa¬ 
tion.  It  occurs  as  remnants  of  a  much  older  surface  and  would  be  considered 
a  strath  terrace.  Height  above  the  younger  formation  ranges  10  to  20  ft  (3  to 
6  m).  An  erosional  escarpment  with  or  without  bedrock  occurs  in  some 
locales. 

The  Stone  Mill  Formation  is  composed  of  nearly  equal  amounts  of  sand, 
silt,  and  clay.  Gravel  ranges  from  15  to  35  percent.  The  upper  material 
consists  of  loess,  reworked  loess,  colluvium,  hillslope  sediments,  or  any  com¬ 
bination  of  the  four.  The  lower  material  constitutes  a  paleosol  of  alluvial  or 
colluvial  gravels  in  a  red  sandy  clay  matrix.  A  fragic  horizon  is  present  in 
some  formation  at  the  contact  between  the  two  materials.  Past  clearing  of  this 
formation  is  evident  and  these  areas  are  now  in  the  process  of  regeneration. 
Vegetation  consists  of  grasses,  small  trees,  and  brambles.  Forested  areas  have 
an  oak-hickory  cover.  This  formation  is  non-flooded.  The  formation  is 
moderately  to  strongly  sloping,  wide,  and  rectangular.  The  formation  shows 
no  relation  to  the  present  day  stream  pattern.  Elevation  above  the  present 
stream  surface  ranges  from  27.9-59.0  ft  (8.5  to  18  m).  Extent  of  the  forma¬ 
tion  ranges  from  2  to  40  acres. 

The  age  of  the  Stone  Mill  Formation  ranges  from  10,000  for  the  loess 
deposition  to  >  130,000  years  B.P.  according  to  Brackenridge  (1981).  The 
surface  of  the  formation  is  light  in  color.  Soils  classify  into  the  Alfisol  and 
Ultisol  orders.  The  pedomorphic  form  is  Ap-Btl-2Bt2-3Bt3  or  Ap-Btl-2Btx- 
3Bt3.  The  formation  is  represented  by  the  Britwater,  Claiborne,  Lecoma,  and 
Yelton  series.  Typical  T7  Stone  Mill  allostratigraphy  is  presented  in 
Figure  15. 


T7-Allomembers 

Several  members  were  distinguished  which  showed  signs  of  wetness  and 
increased  clay  accumulation  in  the  upper  portion  of  the  subsoil  (T7wc).  The 
Hartville  series  represents  this  member,  even  though  it  is  not  a  soil  mapped  on 
strath  erosional  terraces.  One  area  was  separated  out  as  a  wet,  clayey  unit 
with  a  dark  surface  (T7wco).  Given  the  smallness  of  this  unit  and  the  rarity 
of  its  occurrence  it  will  have  a  low  importance.  Gravel  exceeded  35  percent 
in  some  parts  of  the  formation  (T7r).  These  were  usually  small  remnants 
which  occurred  along  tributaries. 
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Figure  15.  Typical  T7  Stone  Mill  allostratigraphy 
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T7co-Laughlin  unit 

The  Laughlin  unit  represents  the  upland  footslopes.  It  was  distinguish  in 
this  study  from  alluvial  soils  because  of  its  close  proximity  to  the  stream  chan¬ 
nel,  its  geomorphology,  and  the  presence  of  overlapping  archaeological  sites. 

It  is  not  considered  an  alloformation  on  account  of  its  residual  identity. 

The  Laughlin  unit  is  composed  of  variable  depths  of  very  gravelly  col¬ 
luvium  over  residuum.  In  some  areas  a  loess  cap  is  present.  A  fragic  horizon 
occurs  in  some  areas  at  the  contact  of  the  contrasting  materials.  Typical  T7co 
Laughlin  stratigraphy  is  portrayed  in  Figure  16. 

Infrequent  clearing  of  this  unit  has  left  a  forest  cover  that  consists  of  oaks, 
hickories,  and  pines.  This  unit  is  non-flooded.  It  is  moderately  to  strongly 
sloping,  narrow,  and  rectangular.  The  unit  shows  no  relation  to  the  present 
day  stream  pattern.  Elevation  above  the  present  stream  surface  ranges  from 
40.0  to  65.6  ft  (12.2  to  20  m).  Extent  of  the  formation  ranges  from  1  to 
20  acres. 

The  age  of  the  Laughlin  unit  is  similar  to  that  of  the  Stone  Mill  Formation. 
It  ranges  from  10,000  to  >  130,000  years  B.P.  The  surface  of  the  unit  is 
light  in  color.  Soils  classify  into  the  Ultisol  order.  The  pedomorphic  form  is 
A-Btl-2Bt2-3Bt3  or  A-Btl-2Btx-3Bt2.  The  unit  is  represented  by  die  Clarks¬ 
ville,  Poynor  and  Tonti  series. 


AF-McCann  formation 

The  McCann  formation  consists  of  alluvial  fans.  Alluvial  fan  remnants  and 
recent  fan  deposits  are  delineated.  Some  portions  include  both.  The  forma¬ 
tion  is  found  as  deposits  on  the  majority  of  the  alloformations. 

The  formation  is  dominated  by  gravel  and  cobbles.  A  fining  downward 
from  the  mouth  of  the  tributary  occurs.  A  few  areas  were  cleared  in  the  past 
and. are  in  the  process  of  regeneration;  other  areas  were  not  cleared  and 
remain  oak-hickory  forest.  This  formation  is  nonflooded  in  the  sense  of  being 
inundated  by  Roubidoux  Creek,  but  tributaries  flow  over  the  surface  with 
deposition  sediment  as  lateral  channel  migration  takes  place.  The  formation  is 
moderately  sloping,  fan-shaped,  and  shows  no  relation  to  the  present  day 
stream  pattern.  The  formation  is  related  to  the  materials  and  size  of  the  tribu¬ 
tary  from  which  it  arises.  Elevation  above  the  present  stream  surface  ranges 
from  11.1  to  29.5  ft  (3.4  to  9  m).  Extent  of  the  formation  ranges  from  1/8  to 
10  acres. 

The  McCann  formation  ranges  in  ages  from  0  to  55,000  years  B.P.  The 
surface  of  the  formation  is  light  in  color.  Soils  classify  into  the  Alfisol  or 
Inceptisol  orders.  The  pedomorphic  form  is  A-Bw-Btl-2Bt2  or  A-BW-C. 

This  formation  is  represented  by  the  Waben  series. 
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TR1 -Baldridge  formation 

The  Baldridge  formation  is  found  in  the  large  to  small  tributaries  of  Roubi- 
doux  Creek.  On  the  basis  of  age  and  pedimorphic  form  this  formation  is 
probably  related  to  the  Ramsey  Formation.  It  was  separated  based  on  differ¬ 
ences  in  gravel  content  and  position  in  the  watershed. 

Mixed  alluvium  dominated  by  gravel  is  the  main  constituent  of  the  Baldri¬ 
dge  formation.  Areas  within  the  larger  tributaries  were  cleared  in  the  past  and 
are  in  the  process  of  regeneration.  Smaller  tributaries  were  not  cleared  and 
remain  in  a  oak-hickory  forest.  This  formation  is  nonflooded  in  the  sense  of 
being  inundated  by  Roubidoux  Creek,  but  flooding  does  occur  to  some  extent 
as  a  result  of  over  bank  flow  from  tributaries.  The  amount  of  this  flooding  is 
dependent  on  the  size  of  the  tributary  and  the  vegetative  cover.  The  formation 
is  moderately  sloping,  linear,  and  parallels  present  day  tributary  channels. 

The  formation  is  related  to  the  materials  and  size  of  the  tributary  from  which 
it  arises.  Elevation  above  the  present  stream  surface  is  8.9  ft  (2.7  m).  Extent 
of  the  formation  ranges  from  5  to  several  hundred  acres. 

The  Baldridge  formation  ranges  in  age  from  0  to  1,600  years  B.P.  The 
surface  of  the  formation  is  cumulic  with  the  dark  materials  extending  to  a 
depth  of  40  in.  (1  m)  or  more.  Soils  classify  into  the  Mollisol  order.  The 
pedomorphic  form  is  A-C1-C2.  This  formation  is  represented  by  the  Cedar- 
gap  series.  Figure  17  presents  the  typical  (TR1)  Baldridge  stratigraphy. 


TR2-Hanna  formation 

The  Hanna  formation  is  found  in  the  small  to  mid-size  tributaries  in  the 
northern  section  of  Roubidoux  Creek.  This  formation  is  deposited  on  or 
truncates  the  formation  older  than  the  T4  Quesenberry.  Mixed  alluvium 
dominated  by  gravel  is  the  main  constituent  in  the  upper  Hanna  formation. 

The  lower  portion  consists  of  clay  with  high  content  of  gravels  and  cobbles. 
The  majority  of  the  tributaries  were  not  cleared  and  remain  as  an  oak-hickory 
forest.  A  few  mid-sized  tributaries  were  cleared  and  are  in  the  process  of 
regeneration.  This  formation  is  rarely  if  ever  flooded  because  the  present 
channel  is  truncated  below  the  level  which  would  allow  flooding  on  the  forma¬ 
tion  surface.  The  formation  is  moderately  sloping,  linear,  and  parallels  the 
present  day  channel  of  the  tributaries.  The  formation  is  related  to  the  materi¬ 
als  and  size  of  the  tributary  from  which  it  arises.  Elevation  above  the  present 
stream  surface  is  24.9  ft  (7.6  m).  Extent  of  the  formation  ranges  from  2  to 
200  hundred  acres. 

The  Hanna  formation  ranges  in  age  from  4,000  to  8,000  years  B.P.  The 
surface  of  the  formation  is  dark  and  the  surface  extends  to  a  depth  less  than 
24  in.  Soils  classify  into  the  Mollisol  order.  The  pedomorphic  form  is  A- 
Bw-Btl-Bt2.  This  formation  is  not  represented  by  an  established  series.  Fig¬ 
ure  18  presents  a  typical  (TR2)  Hanna  stratigraphy. 
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B-Borrow  areas 

This  unit  constitute  sites  that  have  had  the  original  surface  and  subsoil 
removed  for  construction  purposes.  These  sites  are  generally  located  in  the 
older  formation  and  have  no  vegetative  cover. 


C-Construction  areas 

This  unit  includes  tracts  of  land  utilized  for  construction  of  military  struc¬ 
tures,  parking  areas,  and  training  areas.  It  also  includes  areas  where  training 
for  construction  has  taken  place. 


CO-Colluvial  wedge  area 

These  units  consist  of  zones  of  colluvial  accumulation  at  the  base  of  slopes. 
They  are  dominated  by  gravel. 


E-Escarpment  W/WO  bedrock 

A  steep  relatively  short  erosional  escarpment  is  the  main  component  of  this 
unit.  Some  areas  have  bedrock  exhibited  along  the  lower  edge.  They  are  a 
result  of  the  truncating  action  of  the  river  system  after  the  abandonment  of  the 
Stone  Mill  formation,  or  associated  allostratigraphic  unit. 
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Objective  and  Approach 

A  representative  site  on  each  stream  reach  of  the  cultural  resource  zones 
was  selected.  Testing  of  these  representative  sites  on  the  Big  Piney  River  and 
Roubidoux  Creek  was  conducted  to  collect  detailed  data  on  the  relationship, 
sequence  of  the  lithology,  and  the  level  of  pedogenesis  of  each  geomorphic 
surface.  It  became  visibly  apparent  from  borings  and  trenches  that  each  geo¬ 
morphic  surface  was  associated  with  a  lithologic  package  that  was  peculiar  to 
that  surface.  Each  of  these  “packages”  exhibited  a  particular  level  of 
pedogenesis  associated  with  clay,  sand,  and  organic  carbon  distribution  and 
pedologic  development. 

Overlying  bedrock  is  a  gravelly  unit  termed  “substratum.”  The  substratum 
is  composed  of  gravel  in  varied  matrix  of  clay  to  sand.  Overlying  the  substra¬ 
tum  are  fine  grained  units  termed  “topstratum.”  Detailed  descriptions  of  the 
topstratum  were  recorded  both  in  the  boring  logs  and  the  trenches  (Appen¬ 
dix  A).  Lithological  information  presented  in  this  report  uses  the  Unified  Soil 
Classification  System  (USCS)  terms  and  symbols.  Figure  19  is  a  guide  for 
comparing  the  USCS  and  the  USDA  soil  texture  types. 

Based  on  topographic  expression,  lithology,  pedology,  and  Carbon14  dates, 
the  transect  profiles  were  differentiated  into  soil-geomorphic  units.  Contacts 
between  units  were  drawn  based  on  changes  in  topographic  expression,  geom¬ 
orphic  position,  lithology,  pedology,  age,  or  a  combination  there  of.  Thus, 
each  topstratum  “package”  has  a  landscape  expression,  distinct  lithology, 
pedogenic  signature,  and  where  data  are  available,  age  range.  Simply,  the 
topstratum  package  and  its  underlying  substratum  are  soil-geomorphic  units. 
According  to  the  Stratigraphic  Code  (1983)  these  colloquial  packages  or  infor¬ 
mal  soil-geomorphic  units  would  fit  into  the  concept  of  allostratigraphic  units. 
For  the  purpose  of  this  report  the  terms  will  be  used  interchangeably. 

The  trenches  also  revealed  that  the  soil-geomorphic  units  commonly  over 
lap.  This  is  indicative  of  separate  periods  of  downcutting  and  deposition. 
Examination  of  boring  and  trench  transects  shows  the  cut  and  fill  sequences. 
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Figure  19.  Guide  to  compare  USCS  and  USDA  soil  types 
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The  information  collected  through  the  use  of  the  trenches  was  synthesized 
into  a  landscape  model  for  mapping  purposes.  The  soil-landscape  paradigm 
(Daniels  and  Hammer  1992)  forms  the  theoretical  basis  for  the  extrapolation 
in  this  study.  The  working  hypothesis  was  that  the  relationship  of  stratigra¬ 
phy,  soil  development,  and  geomorphic  surfaces  observed  in  the  borings  and 
trench  can  be  extrapolated  across  the  entire  fluvial  landscape  of  the  fort. 
Therefore,  the  following  transect  and  trench  descriptions  not  only  characterize 
the  representative  site  but  also  form  the  basis  of  the  mapping  strategy  for  both 
streams  on  the  fort.  The  site  investigations  for  the  Big  Piney,  and  the  Lower 
and  Upper  Roubidoux  are  discussed  individually. 


Typical  Transects 

Big  Piney  River  at  Happy  Hollow 

The  study  area  on  the  Big  Piney  at  Happy  Hollow  is  located  as  shown  on 
Figure  20.  Figure  21  presents  the  valley  cross-section  of  the  Big  Piney  River 
in  the  vicinity  of  Happy  Hollow.  The  20  times  vertical  exaggeration  empha¬ 
sizes  the  steep  bluffs  formed  by  the  Roubidoux  and  Gasconade  formation. 
Alluvium  and  colluvium  fill  the  bottom  of  this  deep  valley.  The  colluvial  and 
alluvial  fill  is  idealized.  Based  on  topographic  expression  and  previous  works, 
the  alluvial  is  subdivided  into  a  historic  and  Holocene  component. 

In  order  to  test  the  idealized  valley  fill,  (Figure  21)  a  transect  perpendicu¬ 
lar  to  the  Big  Piney  River,  at  Happy  Hollow  was  selected.  Nineteen  borings 
and  three  trenches  were  used  to  dissect  this  representative  transect  of  the  Big 
Piney.  The  location  of  borings  and  trenches  is  presented  in  Figure  22.  The 
borings’  lithology  are  shown  on  Figure  23,  along  with  the  C14  dates.  The 
basic  data  for  interpreting  the  geomorphic  development  is  provided.  An  inter¬ 
pretation  is  portrayed  on  Figure  24.  Individual  boring  logs  with  detailed 
descriptions  are  presented  in  Appendix  A.  Detailed  stratigraphy  of  trenches 
HH  T-l,  HH  T-2,  and  HH  T-3,  shown  as  insets  on  Figure  23,  are  presented 
as  Figures  25,  26,  and  27,  respectively. 

Examination  of  Figure  24  reveals  that  the  Gasconade  formation  bedrock 
surface  is  uneven  and  stepdowns  at  station  1550  as  it  approaches  the  river  on 
left.  Residuum  occurs  at  800  ft  from  the  river  in  boring  HH-17.  Everywhere 
else  overlying  bedrock  is  substratum  composed  of  gravel  in  varied  matrix  of 
clay  to  sand.  Overlying  the  substratum  are  fine-grained  topstratum  units. 
Based  on  topographic  expression,  lithology,  and  Cw  dates,  the  transect  was 
differentiated  as  shown  on  Figure  24.  Contacts  between  units  were  drawn 
based  on  changes  in  topographic  expression,  geomorphic  position,  lithology, 
pedology,  age,  or  a  combination  there  of. 

The  transect  (right  side  of  Figure  24)  starts  with  boring  HH-1.  Borings 
HH-1,  2,  and  3  penetrated  a  silt  and  well  developed  clay  soil  overlying  a  thin 
substratum  and  shallow  bedrock.  Trench  HHT-1  (Figure  25)  reveals  from  0.5 
to  2.0  ft  (.15  to  0.6  m)  of  fill.  This  area  had  been  used  for  track  vehicle 
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Figure  20.  Location  map  for  the  Big  Piney  river  at  Happy  Hollow  site 
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Figure  21 .  Valley  cross-section  for  the  Big  Piney  at  Happy  Hollow  site 


Figure  22.  Location  map  of  borings  and  trenches  for  the  Big  Piney  at  Happy  Hollow  site 


HAPPY  HOLLOW 
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Figure  23.  Borings  and  trenches  transect  data  for  the  Big  Piney  at  Happy  Hollow  site 


HAPPY  HOLLOW 


Figure  24.  Interpreted  section  of  the  Big  Piney  at  Happy  Hollow 
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Figure  25.  Trench  HH  T1  for  the  Big  Piney  at  Happy  Hollow  site 


exercises.  Trench  HHT-1  indicates  a  strong  clay  soil.  The  clay  sand  (SC) 
and  SC  with  gravel  suggests  colluvial  infilling  derived  upslope  from  Roubi- 
doux  residuum.  No  carbon  enriched  sediments  or  charcoal  were  found  to  age 
date  this  section.  The  heavy  clay  enriched  soil  and  lack  of  carbon  suggests 
that  this  is  an  “old”  stable  surface.  Hie  SCS  mapped  this  as  Hartville.  Soil 
geomorphic  mapping  later  denoted  this  unit  as  the  T6  Ousley  Springs 
formation. 

Borings  HH4,  5,  6,  19,  and  18  (Figure  24)  encountered  similar  soil  condi¬ 
tions  except  the  clay  sequence  is  thicker  and  bedrock  is  deeper.  A  wetland 
has  developed  in  the  poorly  drained  area  between  borings  HH-18  and  19. 

Due  to  the  wetland  we  were  unable  to  trench  this  surface.  Wolf  (1989) 
mapped  this  unit  as  the  Moniteau.  Subsequent  soil  geomorphic  mapping 
delineated  this  surface  as  the  T5w  Miller  wet  formation.  A  contact  is  drawn 
(Figure  24)  between  boring  HH-17  and  18  based  on  break  in  slope  and  change 
in  lithology.  The  slough  at  the  toeslope,  which  is  dated  at  2,020  years  B.P. 
consists  mapped  as  T3s,  of  interbedded  silt  and  sand  as  indicated  by  borings 
HH-16  and  17,  and  the  surface  penetrated  by  borings  HH-14,  15,  and 
16  represents  a  late  Holocene  terrace,  designated  as  the  T3  Dundas. 

The  sediments  near  the  river’s  edge  are  natural  levee  with  underlying  point 
bar  deposits.  Trenching  through  this  surface  unearthed  metal  artifacts  in  trench 
HH-T2  and  HH-T3  (Figures  26  and  27).  The  presence  of  the  metal  artifacts 
indicates  modern  disturbance  of  the  area.  The  lack  of  soil  development  indi¬ 
cates  recent  deposition  of  the  area  near  the  river.  C14  dates  from  trench  2 
reveal  age  dates  of  630  to  215  years  B.P.  Closer  examination  of  trench 
HH-T2  (Figure  26)  shows  buried  A  horizons  containing  the  carbon  which  was 
dated.  The  sediment/soil  sequence  indicates  deposition  with  pedogensis 
followed  by  renewed  deposition  and  pedogensis.  This  prehistoric  floodplain 
unit  was  later  designated  as  T2  Ramsey.  Trench  HH-T3  (Figure  27)  also 
revealed  the  stacked  sequence  of  buried  A  horizons.  The  C14  date  derived 
from  organic  silts  in  trench  HH-T3  gave  a  date  of  370  years  B.P.  Also  the 
metal  artifact  buried  5  ft  in  the  ground  indicates  modem  reworking  near  the 
river’s  edge.  The  modem  and  historic  sediments  with  little  to  no  soil  develop¬ 
ment  were  designated  the  T1  and  named  Happy  Hollow  after  the  site  of  the 
trenching. 

The  soil-geomorphic  analysis  of  the  Big  Piney  reach  at  Happy  Hollow 
reveal  allostratigraphic  units  (from  oldest  to  youngest)  T6,  T5w,  T3,  T2,  and 
Tl.  The  T1  Happy  Hollow  formation  identified  and  named  for  this  study  area 
is  historic  in  age.  Soil  profile  development  in  the  terrace  soil  collaborate  the 
age  relationships  with  the  T6  and  T5  being  alfisols,  T3  being  mollisols  and  T2 
and  Tl  being  entisols.  The  transect  is  typical  of  the  Big  Piney  River  cultural 
resource  zone.  The  Big  Piney  River  is  a  gaining  Ozark  stream  with  the  com¬ 
mon  slanted  terraces  preserved.  The  valley  fill  consists  of  a  gravelly  substra¬ 
tum  overlain  with  a  finer  grained  topstratum.  Historic  sediments  are  coarser 
grained  than  the  prehistoric  sediments. 
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Lower  Roubidoux 


The  Lower  Roubidoux  cultural  resource  management  zone  was  investigated 
less  than  a  mile  south  of  the  military  boundary  (Figure  28).  The  big  valley 
perspective  is  portrayed  in  Figure  29  with  20  times  vertical  exaggeration  to 
emphasize  the  bedrock  bluffs.  Borings  and  trenches  at  the  site  are  laid  out  as 
shown  in  Figures  30,  31,  and  32.  The  interpreted  transects  are  presented  in 
Figures  33  and  34.  The  lower  Roubidoux  transect  differs  from  the  previous 
Big  Piney  section  in  that  it  is  relatively  flat  except  its  undulating  meander 
scrolls.  Also  the  thickness  of  substratum  gravels  is  greater  than  the  on  the 
Big  Piney.  The  carbon  dates  reveal  deposition  in  three  episodes:  approxi¬ 
mately  4,500,  4,000,  and  1,400  years  B.P.  Therefore,  based  on  the  dates  and 
geomorphic  expressions,  this  section  was  differentiated  into  four  units.  The 
modem  gravel  bars  are  designated  as  TO  Cookeville.  The  next  unit  to  the 
right  with  a  date  of  1,370  years  B.P.  is  T2  Ramsey.  The  next  terrace, 

T4  Quesenberry,  is  attached  to  the  T5  Miller. 

Interpretation  of  the  cross-sections  and  trenches  at  Lower  Roubidoux  fol¬ 
lows.  Borings  R5  through  R10  are  situated  on  the  T5  Miller  surface  (Fig¬ 
ure  33)  as  evidenced  by  the  occurrence  of  the  silty  fine-grained  material. 

Near  the  upland  sideslope  and  associated  with  boring  R9  is  a  feature 
designated  as  a  slough  (T5s)  and  presently  interpreted  as  being  a  prehistoric 
channel,  then  an  overflow  channel  until  complete  abandonment.  The  substra¬ 
tum  material  would  have  been  removed  during  the  formation  of  this  feature 
and  then  later  filled  with  the  silty  material  of  T5  age.  Between  borings  R4 
and  R5  there  appears  to  have  occurred  a  change  in  lithology,  decease  in  pedo- 
logic  development,  a  slight  drop  in  elevation,  and  a  decrease  in  the  radio¬ 
carbon  age.  The  soil  material  goes  from  being  dominated  by  silt  in  boring  R5 
to  being  of  equal  portions  or  sand  dominated  in  boring  R4.  This  change  in 
lithology,  elevation  and  radiocarbon  age  led  to  the  differentiation  of  T4 
alloformation  from  T5.  This  same  process  occurs  again  between  borings  R2 
and  R3,  and  R1  and  R2.  The  surfaces  separated  here  represent  the  T2  and  TO 
alloformations.  The  cross  section  (Figure  33)  is  a  good  example  of  a  mean¬ 
dering  stream  depositing  point  bars  and  later  depositing  a  sequence  of 
overbank  material  which  fines  upward. 

Trench  LR-T1  (Figure  35)  reveals  the  contact  between  the  T2  and  T4. 
Trench  LR-T1  also  portrays  the  complexity  of  fluvial  sediments.  Both  in  the 
area  of  boring  R2  and  R3  coarser  material  is  deposited  as  a  point  bar  in  the 
lower  portions  of  the  trench.  Figure  35  illustrates  the  fining  up  sequence 
common  to  fluvial  systems.  In  the  lower  surface  of  boring  R2  a  buried  sur¬ 
face  is  present  which  may  record  a  period  of  aggradation  within  the  stream 
system  and  subsequent  deposition  on  this  surface. 

Trench  LR-T2  (Figure  36)  provides  a  close  up  view  of  the  undulating 
surface  and  underlying  silt  which  dates  around  4,500  years  B.P.,  named  the 
T5  Miller  formation.  Examination  of  trench  LR-T2  reveals  the  underlying 
gravel  substratum  beneath  the  thick  topstratum  of  silty  clay  and  silt.  TTie 
trench  also,  revealed  fire  cracked  rock  in  the  plow  zone  indicating  archaeolog¬ 
ical  site  potential  to  1  ft  (30  cm).  LR-T2  represents  a  period  of  vertical 
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(ROUBIDOUX  CREEK) 
WAYNESVILLE  QUADRANGLE 
(cedar  hill  cemetery  area) 
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e  29.  Valley  cross-section  of  the  Lower  Roubidoux  near  Cedar  Hill  Cemetery 
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Figure  30.  Location  map  of  Lower  Roubidoux  transect  of  borings  and  trenches 
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Figure  31 .  Location  of  Lower  Roubidoux  transect  of  borings  and  trenches  data 


Lower  Roubidoux 
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Lower  Roubidoux 
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Figure  33.  Interpreted  section  of  Lower  Roubidoux  transect  of  borings  and  trenches  data 


Alio  Formations — ►  T2  T2s  T4  Lower  Roubidoux 
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Figure  34.  Interpreted  section  of  Lower  Roubidoux  transect  of  borings  and  trenches  data 


Figure  35.  Trench  LR-T1  of  the  Lower  Roubidoux 


accretion  of  silty  material.  This  is  indicative  of  a  consistent  source  material, 
such  loess  reworked  from  the  hillslopes.  Radiocarbon  data  suggested  that  this 
material  was  not  deposited  at  one  time  but  in  small  increments  over  time. 

The  slough  against  the  valley  wall  was  designated  T5s.  Trench  LR-T3  was 
excavated  as  shown  on  Figures  30  and  31  but  was  not  measured  in  detail. 
Examination  of  the  trench  did  not  reveal  a  distinct  contact  or  change  in  mate¬ 
rial  such  as  clay  or  organics. 

A  second  transect  consisting  of  borings  11,  12,  and  13,  and  trench  LR-T4 
was  conducted  across  the  floodplain  to  test  the  contact  with  the  lower  surface 
and  slough.  Trench  LR-T4  (Figure  37)  showed  a  sharp  contact  with  the 
slough  and  terrace  T4.  The  lower  surface  was  later  designated  T2  Ramsey. 
Figure  37  illustrates  a  strong  escarpment  marking  the  boundary  between  an 
older  and  younger  surface.  As  the  stream  downcuts  below  the  older  surface, 
a  point  bar  was  deposited  on  the  inside  of  the  meander.  This  channel  was 
later  abandoned  and  now  the  stream  is  on  the  other  side  of  the  point  bar. 

After  abandonment  finer  materials  were  deposited  in  the  abandoned  meander. 
Even  later,  younger  material  was  deposited  over  both  the  point  bar  and  slough 
as  vertical  accretion. 

The  soil-geomorphic  investigation  determined  that  the  lower  Roubidoux 
was  filled  with  a  thick  gravel  substratum  covered  with  silt.  The  T5  Miller 
formation  and  T5s  slough  dominate  this  portion  of  the  valley.  T2  Ramsey  and 
T2s  slough  are  also  present  in  this  reach  of  the  Roubidoux. 


Upper  Roubidoux 

The  Upper  Roubidoux  site  (Figure  38)  is  situated  in  the  southern  portion  of 
the  fort.  This  reach  of  the  creek  is  a  gaining  stream  and  therefore  its  land¬ 
scape  is  more  similar  to  the  Big  Piney  than  the  lower  Roubidoux  Creek  which 
is  a  losing  stream.  The  long  perpendicular  transect  with  borings  and  trench 
locations  is  presented  in  Figures  39  and  40.  An  interpreted  section  is  pre¬ 
sented  in  Figure  41.  The  trench  insets  on  Figure  40  are  presented  as  Fig¬ 
ures  42,  43,  44,  45,  46,  and  47. 

Boring  UR-1  and  the  upper  portion  of  trench  UR-T1  (Figure  42)  encoun¬ 
tered  colluvium  overlying  residuum.  Examining  the  fine-grained  silt  and  silty 
clay  profile  above  the  colluvium  a  buried  surface  is  revealed.  The  fine  mantle 
is  hypothesized  to  be  a  loess  and/or  reworked  loess  veneer.  It  is  possible  that 
the  T7co  surface  is  developed  in  the  Loveland  Loess  and  is  therefore 
Sangamon  in  age  with  the  Peoria  Loess  on  top  (Reams  1968).  Figure  42 
reveals  that  in  UR-T1  the  possible  deposition  of  loess  or  reworked  loess  over 
a  paleosol  developed  in  the  colluvium  and  alluvium.  The  upper  loess  material 
would  be  consistent  over  the  entire  surface,  but  the  colluvium  would  mix  with 
and  grade  into  the  alluvium  as  the  surface  distance  increased  away  from  the 
upland. 
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Figure  37.  Trench  LR-T4  of  the  Lower  Roubidoux 


Figure  38.  Location  map  of  Upper  Roubidoux  study  area 
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Figure  39.  Location  map  of  Upper  Roubidoux  transect  of  borings  and  trenches 


Roubidoux  Transect 
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Figure  40.  Transect  of  boring  and  trench  data  on  the  Upper  Roubidoux 
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Figure  41 .  Interpreted  section  of  Upper  Roubidoux 
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Figure  42.  Trench  UR-T1 


Figure  43.  Trench  UR-T2 
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Figure  44.  Trench  UR-T3 
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CLAYEY  SAND.  (SC)  ff  t  |  SILTY  GRAVEL  (GM)  BURIED  SURFACE  BOTTOM  OF  TRENCH 


Boring  UR-4  and  trench  UR-T2  explored  the  eroded  surface  (Figure  43). 
The  interpretation  is  that  the  surface  designated  as  T7  was  eroded  and  filled 
with  hillslope  colluvium  and  clayey  alluvium  during  the  T6  episode.  The 
subsoil  and  surface  form  indicate  that  a  period  of  truncation  occurred  after  the 
T7  surface  was  deposited.  The  truncated  area  was  later  filled  either  by  fines 
entering  the  lower  area  during  floods  or  deposition  of  upland  fines. 

Trench  UR-T3  (Figure  44)  examined  the  break  in  slope  and  the  lithologic 
discontinuity  between  borings  UR-7  and  8  (Figure  41).  About  midway  in  the 
trench  younger  sediments  are  lapped  on  top  of  the  older  sandy  and  gravelly 
clays.  Closer  examination  revealed  two  stacked  buried  soil  horizons  near 
boring  UR-8.  Silt  blankets  the  surface,  and  may  be  a  feature  associated  with 
vertical  accretion  during  T5  time.  The  underlying  materials  near  the  base  of 
the  escarpment  indicates  that  an  overlapping  depositional  period  has  occurred, 
where  T3  material  was  deposited  upon  die  eroded  or  scoured  surface  of  the 
T7  paleosol.  Archaeologically,  the  upper  foot  (30  cm)  of  trench  UR-T3  con¬ 
tained  a  lithic  scatter  and  a  diagnostic  point  of  Late  Archaic. 

Trench  UR-T4  also  revealed  overlapping  contacts  (Figure  45).  Exami¬ 
nation  at  trench  UR-T4  station  90  showed  the  T3  Dundas  formation  is  covered 
with  a  wedge  of  less  pedological  developed  T2  Ramsey  on  top.  Trench 
UR-T5  explored  the  geomorphic  scarp  between  borings  UR-12  and  UR-13 
(Figure  46).  This  particular  trench  reveals  many  lithological,  pedological,  and 
age  differences.  The  sequence  is  interpreted  as  follows,  the  3,480  years  B.P. 
T4  Quesenberry  material  exposed  between  stations  40  and  60  ft  was  covered 
with  2,420  age  T3  Dundas  which  was  cut  and  filled  at  stations  50  though  95  ft 
with  prehistoric  400  years  B.P.  sediments.  The  soil  profile  indicates  buried 
soil  horizons.  The  course-grained  sediment  above  the  buried  soils  are  inter¬ 
preted  as  historic  flood  deposits.  Dundas  T3  material  dominates  this  particu¬ 
lar  trench  (Figure  32).  Comparison  of  UR-T4  (Figure  45)  and  UR-T5 
(Figure  46)  reveals  the  following  onlap  contact  between  that  on  the  edge  of 
the  T3  surface  a  natural  levee  of  T2  material.  The  gravelly  sands  at  30  to 
40  cm  depth  from  90  to  130  ft  in  trench  UR-T4  appear  to  be  the  distal  edge  of 
coarse  grained  levee  deposits  of  T2  age  deposited  on  the  T3  surface  and 
exposed  from  0  to  35  ft  in  trench  UR-T5.  The  T2  surface  is  represented  here 
by  variable  deposits  from  floods  of  diverse  energy  levels.  Using  the  mapping 
alloformation  designations  trench  UR-T5  depicts  T4  Quesenberry  material 
covered  with  T3  Dundas  which  is  in  turn  covered  with  T2  Ramsey  material. 
All  of  the  older  sediments  (T2,  T3,  and  T4)  are  draped  and  covered  with 
historic  T1  sediments. 

Trench  UR-T6  was  dug  between  borings  UR-15  and  -16  (Figure  47).  The 
purpose  was  to  further  test  the  high  terrace,  later  designated  as  T7co 
Laughlin.  Exploration  revealed  colluvium  overlying  residuum  with  a  strongly 
developed  profile.  This  area  represents  a  colluvial  footslope  with  an  archaeo¬ 
logical  site  containing  numerous  artifacts  from  the  Archaic  through  the 
historic. 

Soil-geomorphic  analyses  of  the  Upper  Roubidoux  reach  of  the  fort 
revealed  soil-geomorphic  units  from  the  oldest  T7co  to  the  youngest 


Chapter  7  Site  Investigations 


T1  historic  sediments.  The  transect  is  typical  of  gaining  stream  reaches  of 
Ozark  fluvial  system.  The  gravelly  substratum  is  thinner  than  in  the  losing 
Lower  Roubidoux  reach.  More  terraces  are  preserved  in  the  upper  gaining 
Roubidoux  reach  than  in  the  lower  losing  reach. 
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8  Soil  Geomorphology  and 
Cultural  Resource 
Significance 


Introduction 

Objectives 

The  last  and  most  important  goal  of  the  study  was  to  establish  the  relation¬ 
ship  between  geomorphic  features  and  the  potential  of  having  significant  cul¬ 
tural  resources  associated  with  them.  The  objectives  of  this  chapter  are  as 
follows:  classify  the  alloformations  according  to  their  archaeological  poten¬ 
tial;  provide  guidance  for  locating  sites  that  are  of  specific  ages  or  contain 
specific  cultural  components;  and  identify  areas  that  have  high  potential  for 
site  destruction  or  preservation  by  natural  geomorphic  processes. 


Alloformations  and  archaeological  significance 

Each  alloformation  is  described  below  in  terms  of  the  significance  of  the 
alloformation  to  the  archaeological  survey  and  cultural  resource  management 
work  on  Fort  Leonard  Wood.  The  age  data  for  formation  TO  through  T7  are 
presented  in  Table  5.  Table  6  reviews  the  age  and  regional  correlations. 
Table  7  estimates  archaeological  potential  for  surface  and  buried  sites  in  gen¬ 
eral.  Table  8  relates  archaeological  periods  to  the  age  range  of  the 
alloformations. 


TO-Cooksville  formation 

The  Cooksville  formation  consists  of  the  channel  and  associated  point  bars 
of  the  Big  Piney  River  and  Roubidoux  Creek.  Elevation  above  the  present 
steam  surface  is  0  to  0.6  m.  Units  range  from  1/4  acre  to  approximately 
10  acres  in  size.  This  formation  ranges  in  age  from  0  to  approximately 
100  years  before  present.  Stream  processes  cause  the  bars  to  migrate  down¬ 
stream.  The  recent  nature  of  its  deposition  results  in  no  signs  of  pedogenesis. 
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Table  5 

Radiocarbon  Dates  as  Related  to  Alloformations  This  Study 

T1 

T2 

T3 

T4 

T5 

T6 

130 

2151 

2,100 

3,480 

4,390 

340 

2,020 

3,900 

4,630 

360 

2,230 

370 

2,380 

380 

2,420 

400 

2,980 

630 

1,370 

Dates  From  Brackenridge  (1981) 

TOb 

TOa 

T1b4 

T1b3 

T1b2  and  1 

Tla  and  T2 

190 

430 

1,680’ 

3,610 

5,200 

13,550 

260 

620 

2,360 

3,985 

6,300 

13,700 

3301 

680 

4,585’ 

7,290 

16,450 

820 

7,490 

1 6,490 

840 

8,030 

16,540 

8,100 

16,580 

10,200 

(ff 

10,500 

48,900 

|  1  Outside  of  norm. 

This  formation  is  represented  by  a  miscellaneous  unit:  riverwash  in  the 
Pulaski  County  Soil  Survey  (Wolf  1989).  Archaeologically,  this  unit  has  very 
low  to  no  significance.  Located  here  would  be  materials  that  had  been 
removed  by  erosion  from  an  older  surface  and  redeposited.  Occupation  would 
have  been  very  unlikely.  Camping  sites  or  fishing  sites  of  short  duration  of 
historic  age  are  possible. 


Tl-Happy  Hollow  formation 

The  Happy  Hollow  formation  consists  of  sand,  gravel  and  some  cobbles. 
This  unit  parallels  the  present  stream.  Elevation  above  the  present  stream 
surface  is  around  1.8  m.  Size  of  the  formation  ranges  from  1/4  acre  to 
7  acres.  Materials  in  this  formation  range  in  age  from  0  to  300  years  before 
present.  Signs  of  pedogenesis  are  weak  in  this  formation.  Most  areas  have 
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Table  6 

Formations  and  Ages,  Relationship  to  Brackenridge  (1981) 

Formation 

Age  (year  B.P.) 

Relationship  to  Brackenridge's 

TO 

Cookeville 

0-100 

No  related  unit.  Present  day  gravel  and  sand 
bars.  Separated  with  stream.  Bars  in  process  of 
migrating  downstream. 

T1 

Happy  Hollow 

0-300 

Related  to  Pippens  formation.  TOb  unit.  Carbon 
dates  190  to  330  years  B.P.  Alluvial  deposition 
on  surface  consisting  of  sand,  gravel,  and 
cobbles. 

T2 

Ramsey 

300-1,400 

Related  to  Pippens  formation.  TOa.  Carbon  dates 
430  to  840  years  B.P.  Alluvial  deposition  on  sur¬ 
face  consisting  of  sand  and  fine  gravel. 

T3 

Dundas 

2,000-3,000 

Related  to  Rodgers  formation.  T1b4.  Carbon 
dates  1,680  to  2,360  years  B.P.  Alluvial  deposi¬ 
tion  on  surface  consisting  of  silts  and  very  fine 
sands. 

T4 

Quesenberry 

3,400-4,000 

Related  to  Rodgers  formation.  T1b3.  Carbon 
dates  3,610  to  4,585  years  B.P.  Some  forma¬ 
tions  with  alluvial  deposition  on  surface. 

T5 

Miller 

4,300-10,000 

Related  to  Rogers  formation.  Tibi  and  T1b2. 
Carbon  dates  5,200  to  10,200  years  B.P.  No 
alluvial  deposition  on  surface.  Holocene  deposits. 

T6 

Ousley  Spring 

10,000-55,000 

Related  to  the  Trolinger  Spring  and  possibly  Koch 
and  Boney  Springs  formations.  T-la  and  T-2. 

Carbon  dates  13,550  to  >48,900  years  B.P. 
Pleistocene  deposits. 

T7 

Stone  Mill 

10,000-130,000 

Related  to  Breshears  formation.  T3.  No 
radiocarbon  dates. 

T7co 

Laughlin  Unit 

10,000- >55,000 

No  related  unit.  Unit  occurs  in  close  proximity  to 
alluvial  soils.  A  variable  unit  consisting  of  collu¬ 
vium,  reworked  loess,  residuum,  or  a  combination 
thereof. 

AF 

McCann 

0-55,000 

No  related  unit.  Alluvial  fans. 

TR1 

Baldridge 

0-2,000 

No  related  unit.  Small  tributaries. 

TR2 

Hanna 

2,000-8,000 

No  related  unit.  Medium  to  large  tributaries. 

been  stable  long  enough  to  allow  the  development  of  a  surface  horizon.  The 
majority  of  the  historic  surface  has  been  buried  by  more  recent  deposition. 
This  formation  has  a  very  low  archaeological  significance.  As  in  the  Cooks- 
ville  formation  artifacts  will  be  limited  and  consist  of  items  redeposited  from 
the  destruction  of  other  formations.  Occupation,  except  for  utilitarian  pur¬ 
poses  and  short  duration,  would  have  been  unlikely.  Camping  sites  or  fishing 
sites  of  historic  age  are  possible. 
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Table  7 

Archeological  Site  Potential  of  Alloformation  at  Fort  Leonard  Wood 

Formation 

Depth  -  Relative  Site  Potential 

Present  Drainage  and  Flooding 
(Notes) 

Surface  Buried/Below  Surface 

TO 

Cooksville 

(0.5m)  (scatter  only)  (2m) 

vlow  viow 

Somewhat  excessively  to 
excessively  drained,  frequently 
flooded 

T1 

Happy  Hollow 

(0.5m)  (dom.  scatter)  (2m) 

vlow  low 

Well  to  excessively  drained, 
frequently  flooded 

T2 

Ramsey 

(0.5)  (2m) 

low/mod  low/mod 

Well  to  somewhat  excessively 
drained,  frequently  flooded 

T3 

Dundas 

(0.5)m  (2m) 

mod  high 

Well  to  moderately  well  drained, 
frequently  flooded.  Dead  Deer  site 
occurs  in  Dundas. 

T4 

Quesenberry 

(0.5m/up  bdy  arg)  (1.5m) 

high  low/mod 

Well  drained,  occasionally  to  rarely 
flooded,  often  long  narrow  areas 
with  escarpment. 

T5 

Miller 

(0.5m/up  bdy  arg)  (1m) 

high  low/mod 

Well  drained,  occasionally  to  rarely 
flooded. 

T5w 

Miller  (Wet) 

(0.5m/up  bdy  arg)  (1m) 

low/mod  low/mod 

Poorly  drained,  occasionally  to 
rarely  flooded. 

T6 

Ousley  Spring 

(0.5m/up  bdy  arg)  (1m) 

low/mod  low 

Somewhat  to  very  poorly  drained. 

T7 

Stone  Mill 

(0.5m/up  bdy  arg)  (1m) 

high  low/mod 

Well  to  moderately  well  drained, 
prom,  escarp.-strata  terrace. 

T7co 

Laughlin 

Unit 

(0.5m/up  bdy  arg)  (1m) 

mod  vlow/low 

Well  to  moderately  well  drained. 

AF 

McCann 

(0.5m/up  bdy  arg)  (1m) 

low/high  low/mod 

Well  drained,  rarely  to  frequently 
flooded. 

TR1 

Baldridge 

(0.5m)  (2m) 

low  low 

Well  to  somewhat  excessively 
drained,  frequently  flooded. 

TR2 

Hanna 

(0.5m/up  bdy  arg)  (1m) 

mod/high  low/mod 

Well  drained,  frequently  to  occa¬ 
sionally  flooded. 

Additional  Units/Subscripts: 

B 

Borrow  areas 

Potential  sites  destroyed. 

C 

Construction  areas 

Potential  sites  destroyed  or  buried. 

CO 

Colluvial  wedge  areas,  var.  age 
upland  to  valley  transition 

Low  to  moderate  potential  buried 
sites. 

E 

Erosional  surface  -  escarpment 
related  to  adjoining  upslope  delin¬ 
eation,  with  or  without  bedrock 

Potential  for  exposed  sites  and 
related  scatters. 

s 

Area  dominated  by  slough 

Potential  for  buried  sites  and 

scatters. 
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Table  8 

Relationship  Between  North  America  Archaeological  Periods  and 

Age  Ranges  of  Alloformation  at  Fort  Leonard  Wood 

Formation 

Age 

(year  B.P.) 

Archaeological  Periods 

Upper  50  cm 

Buried 

TO 

Cooksville 

O-IOO 

Historic 

Historic 

T1 

Happy  Hollow 

0-300 

Historic 

Historic 

T2 

Ramsey 

200-1,400 

Late  Mississippian 

Late  Woodland 

T3 

Dundas 

2,000-3,000 

Middle  Woodland 

Early  Woodland 

T4 

Quesenberry 

3,400-4,000 

Early  Woodland 

Late  Archaic 

T5 

Miller 

4,300-8,000 

Late  Archaic 

Early  Archaic 

T6 

Ousley  Spring 

10,000-55,000 

Dalton 

Paleo-lndian 

T7 

Stone  Mill 

10,000-130,000 

Dalton 

Paleo-lndian 

T7co  i 

Laughlin  Unit 

10,000- >55,000 

Dalton 

Paleo-lndian 

AF 

McCann 

0-55,000 

Dalton 

Paleo-lndian 

TR1 

Baldridge 

0-2,000 

Late  Mississippian 

Middle 

Woodland 

TR2 

Hanna 

2,000-8,000 

Middle  Woodland 

Early  Archaic 

T2-Ramsey  formation 

Sand  is  the  dominant  component  of  the  Ramsey  formation.  This  formation 
is  wide,  elongated  and  nearly  level  running  parallel  to  the  present  stream. 
Elevation  above  the  present  stream  surface  is  around  2.7  m.  Size  of  the 
formation  ranges  from  1  to  60  acres.  Deposition  of  the  Ramsey  formation 
spanned  the  period  from  300  to  1,370  years  B.P.  based  on  age  dates  (Appen¬ 
dix  C)  and  possibly  reaches  up  to  1,600  years  before  present  (correlated  to 
Brackenridge  1981).  Cumulic  surfaces  have  formed  on  this  unit  and  the  dark 
colors  extend  to  a  depth  of  40  in.  (1  m)  or  more.  This  formation  has  low 
archaeological  significance.  Permanent  occupation  would  not  have  been  very 
likely  due  to  the  frequency  of  flooding.  Non-permanent  sites  of  short  duration 
are  more  likely,  such  as  hunting  and  fishing  camps  or  trading  expeditions. 
Materials  from  the  Late  Mississippi  are  possible  in  the  upper  20  cm  and 
buried  materials  could  date  to  the  Early  Mississippi. 
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T3-Dundas  formation 

Silt  and  sand  are  the  major  components  of  the  Dundas  formation  with  silt 
dominating.  Small  areas  with  less  than  35  percent  gravel  occur.  It  is  nearly 
level  and  parallels  the  present  stream  to  an  extent.  Elevation  above  the  pres¬ 
ent  stream  surface  is  around  3.4  m.  Size  of  the  formation  ranges  from  1  to 
70  acres.  The  age  of  the  Dundas  formation  encompasses  the  years  from  1,600 
to  3,000  before  present.  Dark  surfaces  occur  on  this  formation  and  extend  to 
a  depth  of  6  to  18  in.  This  formation  has  a  medium  to  low  archaeological 
significance.  Permanent  occupation  would  still  not  have  been  very  likely  due 
to  the  frequency  of  flooding  during  the  Woodland  period  and  occasional  to 
frequent  flooding  into  the  present.  Non-permanent  sites  of  short  duration  are 
more  likely,  such  as  hunting  and  gathering  camps  or  trading  expeditions. 

Base  camps  outside  the  Ozarks  are  a  possible  source  of  these  expeditions 
starting  in  the  Middle  Woodland  period.  Materials  from  the  Early  Mississip- 
pian  period  to  the  present  are  possible  in  the  upper  20  cm  and  buried  materials 
could  date  to  the  Early  Woodland. 


T4-Quesenberry  formation 

The  Quesenberry  formation  marks  the  first  major  geomorphic  separation. 
The  previously  discussed  formations  could  be  considered  as  making  up  the 
present  day  floodplains.  The  Quesenberry  formation  is  the  initiation  of  what 
could  be  considered  the  terrace  system.  Formations  range  from  rarely  to  non- 
flooded.  Deposition  of  material  consists  of  very  fine  sand  particles  on  old 
natural  levees.  The  unit  is  nearly  level,  wide  to  narrow,  and  elongated  to 
rectangular.  The  formation  parallels  the  boundaries  of  old  meanders.  Eleva¬ 
tion  above  the  present  stream  surface  is  around  4.2  m.  Size  of  the  formation 
ranges  from  1  to  20  acres.  The  age  of  the  Quesenberry  formation  extends 
from  3,400  to  4,000  years  before  the  present.  Dark  surfaces  occur  on  this 
formation  and  extend  to  a  depth  of  7  to  8  in.  This  formation  has  a  medium 
archaeological  significance.  Seasonal  occupation,  hunting  and  gathering 
camps  or  trading  expeditions  become  more  likely  beginning  on  the  Quesen¬ 
berry  formation.  It  also  is  expected  that  occupation  on  higher  surfaces  over¬ 
lapped  onto  this  formation.  Materials  from  the  Early  Woodland  period  to  the 
present  are  possible  in  the  upper  20  cm  and  buried  materials  could  date  to  the 
Late  Archaic. 


T5-Miller  formation 

The  Miller  formation  is  dominated  by  silt.  Past  clearing  of  this  formation 
is  evident  and  it  is  now  in  the  process  of  regeneration.  The  unit  is  nearly 
level,  wide  and  rectangular.  The  formation  parallels  the  boundaries  of  old 
meanders  and  or  shows  no  relation  to  the  present  day  stream  pattern.  Eleva¬ 
tion  above  the  present  stream  surface  is  around  5.5  m.  Size  of  the  formation 
ranges  from  1/4  to  180  acres.  The  age  of  the  Miller  formation  is  in  the  vicin¬ 
ity  of  4,300  to  10,000  years  before  present.  The  Miller  formation  has  a  high 
archaeological  significance.  Permanent  occupation  or  base  camps  on  the 
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larger  units  would  be  expected.  Smaller  hunting  and  gathering  camps  or 
trading  expeditions  would  also  be  possible.  Materials  from  the  Late  Archaic 
period  to  die  present  are  possible  in  the  upper  20  cm  and  buried  materials 
could  date  to  the  Early  Archaic. 

A  few  sloughs  (T5s)  were  separated  from  the  formation.  These  no  longer 
carry  flood  water  but  paleodrainage  can  be  inferred  from  their  location. 


T6-Ousley  Spring  formation 

Clay  is  the  dominate  particle  size  of  the  Ousley  Spring  formation.  As  a 
result  drainage  problems  exist.  The  formation  is  gently  sloping,  wide  and 
rectangular.  The  formation  shows  no  relation  to  the  present  day  stream  pat¬ 
tern  and  the  majority  of  this  formation  is  found  in  old  cut-off  meanders. 
Elevation  above  the  present  stream  surface  ranges  from  6.7  to  10.5  m.  Size 
of  the  formation  ranges  from  2  to  120  acres.  The  Ousley  Spring  formation’s 
age  is  estimated  from  10,000  to  55,000  years  before  present  based  on  corre¬ 
lations  with  Brackenridge’s  (1981)  geochronology.  Light  surfaces  dominate 
this  formation.  This  formation  has  a  medium  to  low  archaeological  signifi¬ 
cance.  Permanent  occupation  or  base  camps  would  not  be  expected  due  to  the 
somewhat  poorly  drained  conditions.  Seasonal  occupation  would  have  been 
possible  in  drier  years.  Given  the  possibility  of  these  units  being  a  source  of 
water,  archaeological  sites  may  overlap  from  better  drained  formations 
nearby.  Materials  from  the  Dalton  period  to  the  present  are  possible  in  the 
upper  20  cm  and  buried  materials  could  date  to  the  Paleo-Indian  period. 


T7-Stone  Mill  formation 

The  Stone  Mill  formation  represents  the  second  major  geomorphic  separa¬ 
tion.  It  occurs  as  remnants  of  a  much  older  surface  and  would  be  considered 
a  strath  terrace.  Height  above  the  younger  formations  ranges  10  to  20  ft  (3  to 
6  m).  An  erosional  escarpment  with  or  without  bedrock  occurs  in  some 
locals.  Elevation  above  the  present  stream  surface  ranges  from  8.5  to  18  m. 
Size  of  the  formation  ranges  from  2  to  40  acres.  The  age  of  the  Stone  Mill 
formation  ranges  from  10,000  for  the  loess  deposition  to  130,000  plus  years 
before  present  according  to  Brackenridge  (1981).  The  surface  of  die  forma¬ 
tion  is  light. 

This  formation  has  a  high  archaeological  significance.  Permanent  occupa¬ 
tion  or  base  camps  would  be  expected.  Portions  of  sites  could  have  been 
destroyed  from  truncation  of  the  stream  or  upland  drainages.  Historic  sites 
are  common  on  this  formation  and  they  overlap  into  the  T7co  unit.  Materials 
from  the  Dalton  period  to  the  present  are  possible  in  the  upper  20  cm  and 
buried  materials  especially  near  the  surface  of  the  paleosol  could  date  to  the 
Paleo-Indian  period.  This  is  only  a  presumption  and  from  past  archaeological 
studies  in  Missouri,  materials  from  the  Paleo-Indian  period  in  the  area  of  the 
study  have  been  limited. 
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T7co-Laughlin  unit 

The  Laughlin  unit  represents  the  upland  foots  lopes.  It  was  separated  in 
this  study  of  alluvial  soils  because  of  its  close  proximity  to  the  stream  chan¬ 
nel,  its  geomorphology  and  the  presence  of  overlapping  archaeological  sites. 

It  is  moderately  to  strongly  sloping,  narrow  and  rectangular.  The  formation 
shows  no  relation  to  the  present  day  stream  pattern.  Elevation  above  the 
present  stream  surface  ranges  from  12.2  to  20  m.  Size  of  the  formation 
ranges  from  1  to  20  acres.  The  age  of  the  Laughlin  unit  is  similar  to  that  of 
the  Stone  Mill  formation.  It  ranges  from  10,000  to  130,000  plus  years  before 
present.  This  formation  has  a  medium  archaeological  significance.  Historic 
sites  or  the  overlapping  of  historic  sites  from  the  Stone  Mill  formation  are 
common.  Materials  from  the  Dalton  period  to  the  present  are  possible  in  the 
upper  20  cm  and  buried  materials  could  date  to  the  Paleo-Indian  period. 


AF-McCann  formation 

The  McCann  formation  consists  of  alluvial  fans.  The  formation  is  moder¬ 
ately  sloping,  fan-shaped  and  shows  no  relation  to  the  present  day  stream 
pattern.  The  formation  is  related  to  the  materials  and  size  of  the  tributary 
from  which  it  arises.  Elevation  above  the  present  stream  surface  ranges  from 
3.4  to  9  m.  Size  of  the  formation  ranges  from  1/8  to  10  acres.  The  McCann 
formation  includes  the  ages  from  0  to  55,000  years  before  present.  This 
formation  has  a  medium  to  low  archaeological  significance.  Due  to  the  small 
size  of  the  units  and  the  gravelly  nature  of  the  surface  it  is  unlikely  that  either 
non-permanent  or  permanent  prehistoric  camps  were  located  here.  Several 
historic  sites  are  located  on  this  formations  and  because  of  this  formations 
close  proximity  to  better  suited  formations,  overlapping  of  sites  may  occur. 
Materials  from  the  Dalton  period  to  the  present  could  be  found  in  the  upper 
20  cm  and  buried  materials  as  old  as  the  Paleo-Indian  period  could  be 
discovered. 


TR1  -Baldridge  formation 

The  Baldridge  formation  is  found  in  the  large  to  small  tributaries  of  Roubi- 
doux  Creek.  On  the  basis  of  age  and  pedimorphic  form  this  formation  is 
probably  related  to  the  Ramsey  formation.  The  formation  is  moderately  slop¬ 
ing,  linear  and  parallels  the  present  day  channel  of  the  tributaries.  The  forma¬ 
tion  is  related  to  the  materials  and  size  of  the  tributary  from  which  it  arises. 
Elevation  above  the  present  stream  surface  is  2.7  m.  Size  of  the  formation 
ranges  from  5  to  several  hundred  acres.  The  Baldridge  formation  ranges  in 
age  from  0  to  1,600  years  before  the  present.  The  surface  of  the  formation  is 
cumulic  with  the  dark  materials  extending  to  a  depth  of  40  in.  (1  m)  or  more. 
This  formation  has  a  low  archaeological  significance.  Due  to  the  size  of  the 
units  and  the  flooding  frequency  it  is  unlikely  that  either  non-permanent  or 
permanent  camps  were  located  here.  Because  of  this  formations  close 
proximity  to  better  suited  formations,  materials  may  be  found  here  due  to 
erosion  and  redeposition  or  overlapping  of  sites.  Materials  from  the  Late 
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Mississippian  period  to  the  present  could  be  found  in  the  upper  20  cm  and 
•buried  materials  as  old  as  the  Middle  Woodland  could  be  discovered. 


TR2-Hanna  formation 

The  Hanna  formation  is  found  in  the  small  to  mid-size  tributaries  in  the 
northern  section  of  Roubidoux  Creek.  This  formation  is  deposited  on  or 
truncates  the  formations  older  than  the  T4  Quesenberry.  The  formation  is 
moderately  sloping,  linear  and  parallels  the  present  day  channel  of  the  tribu¬ 
taries.  The  formation  is  related  to  the  materials  and  size  of  the  tributary  from 
which  it  arises.  Elevation  above  the  present  stream  surface  is  7.6  m.  Size  of 
the  formation  ranges  from  2  to  200  hundred  acres.  The  Hanna  formation 
ranges  in  age  from  4,000  to  8,000  years  before  the  present.  This  formation 
has  a  medium  archaeological  significance.  Due  to  the  size  of  the  units  and  the 
gravel  content  it  is  unlikely  that  either  non-permanent  or  permanent  prehistoric 
camps  were  located  here.  Historic  sites  are  known  to  occur  on  this  formation 
and  because  of  this  formations  close  proximity  to  better  suited  formations, 
overlapping  of  sites  may  occur.  Materials  from  the  Middle  Woodland  period 
to  the  present  could  be  found  in  the  upper  20  cm  and  buried  materials  as  old 
as  the  Early  Archaic  could  be  discovered. 


Miscellaneous  Units 

B-Borrow  areas 

This  unit  constitute  sites  that  have  had  the  original  surface  and  subsoil 
removed  for  construction  purposes.  These  sites  are  generally  located  in  the 
older  formations  and  have  no  vegetative  cover.  The  potential  for  preservation 
of  significant  archaeological  materials  or  sites  in  this  unit  are  very  low 
because  of  recent  removal  of  material  from  these  areas. 


C-Construction  areas 

This  unit  includes  tracts  of  land  utilized  for  construction  of  military  struc¬ 
tures,  parking  areas  and  training  areas.  It  also  includes  areas  where  training 
for  construction  has  taken  place.  The  potential  for  preservation  of  significant 
archaeological  materials  and  sites  in  the  unit  are  very  low  because  of  the 
recent  disturbance  and  mixing  of  the  soil. 


CO-Colluvial  wedge  area 

These  units  consist  of  zones  of  gravelly  colluvial  at  the  base  of  slopes. 

They  have  a  low  archaeological  significance.  Materials  may  occur  here  due  to 
the  close  proximity  of  more  suitable  formations. 
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E-Escarpment  W/WO  bedrock 

A  steep  relatively  short  erosional  escarpment  is  the  main  component  of  this 
unit.  Some  areas  have  bedrock  exposed  along  the  lower  edge.  The  escarp¬ 
ments  are  a  result  of  the  lateral  scouring  of  the  Big  Piney  River  during  the 
abandonment  of  the  Stone  Mill  formation.  The  nature  of  this  unit  points  to  a 
very  low  archaeological  significance. 


Prediction  of  Site  Occurrence 

The  approach  that  was  used  to  define  the  relationships  between  known 
archaeological  sites  and  geomorphic  features  involved  identifying  the  known 
archaeological  sites,  evaluating  the  geomorphic  site  data  from  the  recorded 
sites,  and  identifying  characteristics  that  relate  the  archaeological  sites  to  the 
geomorphic  features.  These  characteristics  were  then  evaluated  to  predict  the 
locations  of  undiscovered  sites  according  to  their  geomorphic  context.  It  is 
important  to  emphasize  that  the  primary  purpose  of  this  analysis  is  to  show 
general  relationships  between  the  various  landforms  that  comprise  the  study 
area  and  the  potential  for  archaeological  sites  contained  within  this  area.  This 
study  is  not  meant  to  be  an  archaeological  analysis. 

The  distribution  of  the  known  archaeological  sites  as  identified  indicates 
that  sites  are  not  random,  but  are  clearly  associated  with  specific  landforms  in 
the  project  area.  Geomorphic  relationships  for  the  known  sites  can  be  used  to 
locate  and  interpret  as  yet  undiscovered  sites,  and  guide  the  subsequent 
archaeological  analysis  of  the  individual  sites  and  the  entire  study  area.  Geo¬ 
morphic  relationships  identified  by  this  study  should  help  to  improve  the 
efficiency  of  future  cultural  resource  investigations  in  the  project  area  and 
maximize  findings.  Geomorphic  data  indicates  that  some  abandoned  flood- 
plains  comprising  the  stepped  valley  surface  may  possibly  have  formed  during 
the  early  Holocene  or  late  Pleistocene.  Archaeological  site  data  may  provide 
additional  evidence  to  the  age  of  the  various  floodplain  components. 

Previous  studies  have  proposed  models  (Reeder  1988,  Saucier  1987  and 
Johnson  1981)  to  address  the  visibility  and  the  preservation  of  the  archeologi¬ 
cal  sites.  These  models  agree  on  the  fact  that  the  archaeological  record  is  a 
partial  reflection  of  the  prehistoric  settlement  patterns  due  to  post  depositional 
and  erosional  processes,  and  the  inability  of  some  survey  methods  to  detect 
buried  sites.  However,  the  models  differ  on  the  reach  of  streams  studied  and 
depth  of  site  burial. 

For  example,  Johnson’s  (1981)  work  on  the  lower  Pomme  de  Terre  is 
similar  to  the  lower  reaches  of  the  Big  Piney  River  and  Roubidoux  Creek  on 
Fort  Leonard  Wood.  Johnson  proposed  that  floodplain  components  younger 
than  2,000  years  BP,  would  be  in  the  upper  50  cm.  In  this  study,  the  T2 
Ramsey  corresponds  to  Johnson’s  <  2,000  years  BP,  alluvium.  Table  7 
agrees  that  there  is  low  to  moderate  site  potential  to  0.5  m  but  also  extends 
the  potential  to  2  m.  The  next  soil-geomorphic  unit,  the  T3  Dundas  with  an 


98 


Chapter  8  Soil  Geomorphology  and  Cultural  Resource  Significance 


age  range  of  2,000  to  3,000  years  BP  has  moderate  potential  in  the  upper 
50  cm  but  has  high  potential  for  buried  sites  to  a  depth  of  2  m.  On  the  other 
hand,  Benn  and  Purrington  (1985)  model  is  applicable  to  secondary  streams 
such  as  the  upper  reaches  of  the  Roubidoux  Creek.  Their  model  proposes  that 
smaller  streams  have  scoured  the  landscape  removing  earlier  sites.  The  pres¬ 
ent  study  concurs,  specifically  to  the  tributary  units  where  TR1  has  scoured 
and  removed  portions  of  TR2.  Consulting  Table  7  reveals  that  younger  TR1 
has  low  potential  while  TR2  has  moderate  to  high  potential  in  the  upper 
50  cm.  Benn  and  Purrington  (1985)  further  suggest  that  sites  not  subjected  to 
scour,  especially  the  sites  on  the  second  and  third  terraces  are  expected  to  be 
located  at  depths  less  than  1  m.  The  corresponding  mapping  units  to  their 
second  and  third  terraces  are  the  T4  Quesenberry  and  T5  Miller  formations. 
Table  7  shows  high  potential  in  the  upper  50  cm  with  low  to  moderate  poten¬ 
tial  to  1.5  and  1  m  respectively. 

The  previous  models  are  a  good  starting  point  but  are  only  general  in 
nature.  Paleoenvironmental  conditions  have  been  dynamic  with  geomorphic 
processes  operating  on  different  landscape  features  at  varying  rates.  Thus,  the 
conclusion  of  this  study  is  site  preservation  is  more  site  specific  and  recom¬ 
mends  the  use  of  the  detailed  maps  and  tables  for  prediction  of  site  potential. 


Site  Preservation  and  Destruction 

Introduction 

In  the  Fort  Leonard  Wood  project  area  a  number  of  processes  are  or  have 
been  at  work  either  preserving  or  destroying  the  evidence  of  prehistoric 
groups.  Most  evident  of  these  processes  are  the  result  of  historic  human 
activity,  such  as  cultivation  of  die  soil,  timbering,  construction  of  roads, 
buildings,  and  dams.  However,  natural  processes  have  also  played  a  key  role 
in  the  preservation  or  destruction  of  the  archeological  record.  Some  geomor¬ 
phic  processes,  such  as  colluvial  deposition  or  fluvial  sedimentation  may  serve 
to  preserve  the  record  through  burial.  Erosional  processes  may  destroy  sites 
by  redistribution  or  destruction  of  the  surfaces  where  sites  occur.  In  the 
following  paragraphs,  the  archeological  significance  of  several  processes  are 
discussed,  including  fluvial  sedimentation,  chemical  weathering,  and  fluvial 
scouring. 


Fluvial  sedimentation  and  site  preservation 

An  understanding  of  fluvial  sedimentation  rates  is  important  in  evaluating 
artifact  decay  and  preservation  characteristics.  Knowledge  about  sedimenta¬ 
tion  rates  is  also  important  in  understanding  the  stratigraphic  or  chronological 
significance  of  the  archaeological  record.  Rapid  sedimentation  will  promote 
the  preservation  and  superposition  of  artifacts  and  features  that  result  from 
serial  occupation  of  sites.  In  contrast,  slow  sedimentation  rates  will  result  in 
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the  accumulation  of  archaeological  debris  as  mixed  assemblages  and  increase 
the  potential  for  artifact  decay  by  chemical  and  physical  causes. 


Discussion 

Preservation  and  destruction  qualities  of  landforms  are  site  dependent  and 
are  based  on  a  number  of  interdependent  variables.  These  variables  include 
soil  pH,  soil  moisture,  wet  aerobic  or  anaerobic  environments,  types  of 
microorganisms  and  microorganisms  present,  sediment  movement,  and  soil 
loading.  The  relationships  between  these  variables  are  very  complex.  They 
can  vary  slightly  and  result  in  different  decay  properties  for  the  different 
artifact  types.  The  majority  of  artifacts  identified  in  the  archaeological  site 
descriptions  are  lithics.  These  artifacts  are  least  affected  by  chemical  and 
physical  weathering. 

Chemical  weathering  promotes  the  decay  of  bone,  shell,  charcoal,  and 
pottery.  Stone  artifacts  are  not  affected.  With  increasing  sedimentation  rates 
and  burial,  artifact  preservation  is  greatly  enhanced  as  burial  reduces  the  rate 
at  which  chemical  weathering  occurs.  Archaeological  sites  are  most  threat¬ 
ened  on  the  summits  and  on  the  side  slopes  where  sedimentation  rates  are  very 
low  or  where  erosion  is  the  dominant  process. 

Archaeological  sites  are  more  likely  to  be  protected  adjacent  to  or  near  the 
main  channel  where  maximum  sedimentation  and  burial  occurs.  Sites  that  are 
in  close  proximity  to  the  main  channel  and  not  in  the  direct  path  of  lateral 
migration  by  the  river  are  buried  by  vertical  accretion.  Other  factors  to  be 
considered  in  a  discussion  of  artifact  preservation  and  decay  for  geomorphic 
systems  include  flooding  effects,  groundwater  movements,  and  fluvial  scour¬ 
ing.  All  surfaces  when  adjacent  to  the  stream  are  subject  to  scouring  due  to 
migration  of  stream  meanders.  Terraces  are  especially  affected  by  ground- 
water  movements  as  they  are  composed  primarily  of  unconsolidated  sediments 
and  are  hydraulically  connected  to  the  main  channel. 

There  are  no  strict  rules  governing  archaeological  site  preservation  or 
destruction  as  a  function  of  the  respective  landforms  and  associated  geomor¬ 
phic  processes.  Various  trends  or  generalizations  have  been  identified  above 
which  can  be  used  as  guidelines  in  evaluating  the  archaeological  significance 
of  the  different  landforms.  Specific  areas  or  individual  archaeological  sites 
should  be  examined  and  evaluated  on  the  merits  of  each  site. 
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9  Summary  and  Conclusions 


The  purpose  of  this  investigation  was  to  analyze  and  provide  soil- 
geomorphic  evidence  to  support  the  cultural  resource  management  at  the  Fort 
Leonard  Wood  Military  Reservation.  Most  archaeological  survey  and  testing 
projects  do  not  account  for  complex  geomorphic  processes  that  may  have 
affected  the  visibility  and  integrity  of  archaeological  sites.  Therefore,  the 
primary  objective  of  this  study  is  to  provide  soil  and  landform  data  that  will 
aid  in  die  detection  and  preservation  of  archaeological  sites.  Moreover,  this 
study  addresses  three  major  problems  facing  the  detection  of  archaeological 
sites  on  military  installations.  First,  buried,  stable,  or  altered  landscapes  often 
contain  significant  sites  that  may  be  impacted  by  military  activities.  Second, 
geomorphological  processes  must  be  addressed  prior  to  any  archaeological 
survey  or  site  testing  in  alluvial  settings,  and  third,  site  detection  methods 
based  on  geomorphic  data  can  be  developed  that  address  these  problems  and 
in  the  long-term  are  cost-effective.  The  study  will  be  used  to  select  areas  of 
high  potential  for  archaeological  site  preservation.  Significant  emphasis  is 
placed  on  identifying  locations  of  rapid  alluvial  deposition  which  may  conceal 
deeply  buried  archaeological  sites.  The  approach  was  to  develop  a  detailed 
alluvial  history  at  selected  representatives  sites  using  soil  cores,  trenching, 
pedological  analysis,  and  radiometric  dating.  A  detailed  history  was  extrapo¬ 
lated  by  mapping  soil-geomorphic  units  based  on  geomorphic  position,  strati¬ 
graphic  succession,  sedimentology,  and  pedogenic  development  at  a 
1:12,000  scale  for  the  Fort  Leonard  Wood  Military  Reservation. 

The  valley  bottoms  of  the  Big  Piney  River  and  Roubidoux  Creek  were 
differentiated  into  twelve  soil-geomorphic  units.  Table  7  relates  the  forma¬ 
tions  to  their  archaeological  potential.  Using  the  table  with  the  enclosed 
geomorphic  plates  for  each  section  the  area  can  be  evaluated  for  archaeologi¬ 
cal  potential.  For  example,  section  7  T35N  R11W  in  the  Lower  Roubidoux 
cultural  resources  zone  is  dominated  with  T5,  the  Miller  formation.  In 
examining  Table  7,  T5  has  a  high  potential  in  the  upper  0.5  meters  and  a  low 
to  moderate  potential  to  2  meters  at  depth.  Radiometric  dating  of  the  T5 
Miller  formation  indicates  ages  between  4,000  to  5,000  years  before  present 
(Table  5).  Therefore,  from  a  geo-archaeologically  perspective,  the  T5  Miller 
formation  has  been  a  stable  landform  since  the  Archaic  Period  (Table  8). 
Another  common  soil-geomorphic  unit  occurring  in  section  7  (see  plate)  is  the 
T2  Ramsey  formation.  Consulting  Table  7  the  T2  Ramsey  formation  has  a 
low  to  moderate  potential  at  the  surface  and  to  2  meters  at  depth.  Radio- 
metric  dates  from  the  T2  Ramsey  formation  indicates  ages  from  200  to 
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1,400  years  before  present  (Table  5).  In  terms  of  the  archaeological  record 
the  T2  Ramsey  formation  has  a  potential  to  contain  Late  Woodland  to 
European  contact  period  artifacts. 

Other  peak  areas  of  archaeological  site  potential  (Table  7)  should  be  evalu¬ 
ated  based  upon  the  section  (see  plates)  and  their  corresponding  relationship 
with  archeological  period  artifacts  (Table  8).  For  example,  the  T4  Quesen- 
berry  formation  has  a  high  potential  in  the  upper  0.5  meters  and  a  low  to 
moderate  potential  to  1.5  meters  at  depth.  Radiometric  dating  of  the  T4 
Quesenberry  formation  indicates  ages  between  3,400  to  4,000  years  before 
present  (Table  5).  The  archaeological  record  of  the  T4  Quesenberry  forma¬ 
tion  has  a  potential  to  contain  Early  Woodland  to  Late  Archaic  contact  period 
artifacts.  Another  significant  soil-geomorphic  unit  would  be  the  T7  Stone 
Mill  formation.  The  T7  Stone  Mill  formation  has  a  high  potential  in  the 
upper  0.5  meters  and  a  low  to  moderate  potential  to  1  meter  at  depth.  Radio- 
metric  dates  were  not  analyzed  for  this  formation.  The  archaeological  record 
indicates  that  the  T7  Stone  Mill  formation  has  a  potential  to  contain  Dalton  to 
Paleo-Indian  contact  period  artifacts. 

The  geomorphic  study  carefully  analyzed  the  landforms  occurring  in  the 
valleys  of  Fort  Leonard  Wood  Military  Reservation.  The  cultural  resource 
manager  now  has  the  valley  bottoms  mapped  at  a  scale  of  1:12,000  with 
corresponding  tables  to  define  the  potential  for  preservation  of  the 
archaeological  record  at  the  surface  and/or  buried  to  2  meters.  The  geomor¬ 
phic  units  are  placed  in  a  geochronology  to  allow  temporal  archaeological 
interpretations  of  the  last  14,000  years  before  present  on  the  military 
reservation. 

In  summary,  this  study  indicates  that  geomorphological  processes  have 
affected  the  archaeological  record  at  Fort  Leonard  Wood.  Archaeological  site 
visibility,  the  destruction  of  sites  dating  to  particular  time  periods,  and  varying 
degrees  of  stratigraphic  separation  at  multi-component  sites  suggest  that 
impacts  to  sites  are  not  uniform  but  are  determined  by  a  sites’s  geomor¬ 
phology,  location,  and  age. 
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R  10YR5/2  w/md  cf  on  ped  faces 

w/2 /  grovel  ong  chert 

20kg 

clay  loom 

80X10YR5/I  f  roots  2Copr 

20X10  YR4/6  w/few  FeUn  2-5mm  -2Mpl 

w/md  cf  on  ped  faces 
w/IX  grave!  ong-submd  chert 

3BtgX, 

1 

ckjy  loom 

85X10YRB/1  Ivf  roots  2Veopr 

15X10YR4/6  w/md  cf  onped  faces  2Mp1 

r  4X  grovel subrnd  chert 

com  FeMn  cc  2 -5mm 

301^*2 

i 

cloy  loam 

70X10YR5/1  no  roots  2Vcopr 

30X10Yr5/8  cf  on  ped  foces 

w3QX  grovel  subrnd  chert 

Classification^  Fine,  Mixed,  Mesic,  Aquic  Hapludalf 


Upper  Roubidoux  T-1  @  95' 
Fort  Leonard  Wood 
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DEPTH  IN  CENTIMETERS 
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Appendix  A  Soil  Boring  Logs 


DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


Appendix  A  Soil  Boring  Logs 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


UR-T3  @80 


25  OCT  93 


Upper  Roubidoux  T-3  @  80' 
Fort  Leonard  Wood 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 
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Appendix  A  Soil  Boring  Logs 


DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


UR-T301 70 


27  OCT  93 

Texture 

Color 

Mods 

So3  Struct 

silk  loom 

*4CrBr  I0YR3/2 

many  coarse  roots 
w/com.  fine  roots 

tFcfJtl^k 

silt  loom  B 

10YR4/3 

few  cloy  pores 
films,  few  coorse, 

2F  UiSbk 

10YR3/2  few  coorse,  com.  1VF*F 

3/3  med.  roots.com.  orgonic  Sbk 

_ stains  stepped  pores _ 


few  dayfilms-pores,  IFsbk 
w/com.  med.  roots  i  a 
few  fr» -coarse  roots 


'/  ..  .  •  10YR3/4  few  flneroots.com.  2FIAI 

2B.b2  **•"">  clay  films -pores  Sbk 

Va  'Mpr 

//  f‘M 

/a  many  clayfilms  stepped  Sbk 

3Bwb3  /y  silt  loam  ^  WYR4/6  pores,  few  med.  It  very 

/ /  fine  roots 

-I _ : _ 

vV  ,Mpr 

_J2i _ I  _ !Ll 

Classification:  Fine-Silty,  Siliceous,  Mesic,  Dystric,  Fluventic  Eutrocrept 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


38w5  \//\  loom 


UR-T4@5 


28  OCT  93 


Color  Mods  SoSStruct 


silt  team  I0YR3/3 


silk  loom  Br  I0YR4/3 


Classification:  Fine-Loamy.  Siliceous 
Mesic,F luventic  Eutrochrept 


Upper  Roubidoux  T-4@5' 
Fort  Leonard  Wood 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


UR-T408O' 


27  OCT  93 


At  ' 

A2 

■ff 

silt  loom 

siU  loom 

& 

Ofceyft- 

I0YR2/2 

10YR3/2 

many  vfne-fine 

IFfcWsbk 

ITtWsbk 

— 

— 1  tOYRJ/3  . 

organic  pore  filings 

JFWsbk 

e« 

// 

loom 

(fir 

feint  stepped  dayflms 

2Bt1  _ 

loom 

10YR3/4 

orgarietdoy,  com-dist.  IMpr- 

— 

— 1 

doyflms 

IFlMsbk 

2Bt2 

% 

loom 

10YR3/+ 

organietday.  com- 

2Copr- 

/  ) 

(fat  dayfilms 

2Wsbk 

44- 

__ 

— i 

stripped  cloy 

2Bt3 

loom/silt  loom 

1GYR3/4 

com-disL  doyflms 

2Copr- 

2Usbk 

3Bt4 

sift  loam/  loam 

ct 

10YR3/4 

com- faint  clay  films 

2Copr 

FfcMsbk 

TT 

— 

stripped  day 

2Mpr 

3Bt5 

silt  loam 

10YR3/+ 

organic  stains  on 
com-dist  dayfilms 

tFtWsbk 

stripped  clay 

2Upr 

3Bt6 

silt  loam 

10YR3/4 

com-dst  dayfilms 

tFWsbk 

Classificotionfine-Loomy, Siliceous, Mesic.Typic  Argiudoll 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


UR-T4@1  25 


27  OCT  93 


Classification:  Coarse-loamy.  Siliceous.  Mesic 
Fluventic  Hapludoll-' 


Upper  Roubidoux  H  e  125 
Fort  Leonard  Wood 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


UR-T501  0 

23  OCT  93 


Classification:  Loamy-Skeletal,  Siliceous,  Mesic,  Cumulic  Hapludoll 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


Cvl  candy  loom  y<*>fr 
sandy  loom  Vd^» 

v.  Cvlloam  v<*>fr 


UR 

-T5@80 

25 

OCT 

93 

Color 

Mods  SoB  Struct 

10YR3/2 

10VR4/4 

tingle  groin 
fsbk 

WYR3/2 

fsbk 

WYR3/2 

com.  f-c  roots  fsbk 

stratified  on  large  scde 

3C1 

;*;v 

1 

est.  CvICo.  sand  B 

r  10YR4/3 

4Ab3 

silt  loom  * 

*  10YR3/2 

4Ab4 

v 

loamy  sond  VdCfft-  10YR3/2 

_  .  t 

4C2 

1 

loamy  sond  10YR4/3 

5Ab5  s3t  loam  VdCrfr  10YR3/2  fe«r  fine  rooks  IMsbk 


Classification:  Coarse-Loamy,  Siliceous,  Mesic,  Mollic  Udifluvent 
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DEPTH  IN  CENTIMETERS 


DEPTH  IN  INCHES 


UR-T6 


27  OCT  93 


Color 

Mods 

Soi  Struct 

3 

r 

silt  loam 

OtCrfcfr 

10YR3/2 

many  roots 

2Fgr 

A/0 

3 

r 

silt  loam 

OtTBR 

10YR3/2-4/4 

few  to  com.  roots 

Fsbk 

et  i 

V 

Gv<  loam 

1 

10YR5/4 

com.  roots  few  cc 

2Fsbk 

- 

20k2 

% 

Cvf  loom 

_ J 

10YR4/4 

few  roots 
few  cc  FeMn 

IvFsbk 

2Bt3 

I 

Gvlloom  * 

10YR4/3 

10YR6/2 

2.5YR3/4 

mottle 

day  films  com. 

tFsbk 

2Fobk 

- 

2014 

1 

Cvlloam 

Otr 

2.5YR3/4 

1QYR6/2 

few  roots 
com.  .FeMn  cc 
matnx 
mottles 

2Fabk 

- 

38t5 

clay 

_ 

2.5YR3/4 

7.5YR4/6 

10YR5/4 

clay  films  stepped 
com.  FeMn  2-tOmm 

2Copr 

- 

Classification:  Loamy-Skeletal,  Siliceous,  Mesic,  Aquic  Paleudalf 


Upper  Roubidoux  T-6 
Fort  Leonard  Wood 
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3-22-95 


Paul  Koenig 
MU  SNR  Soils 
144  Mumford  Hall 
Columbia,  MO.  65211 

Paul  Albertson 
GG  YG 
USA  E  WES 

3909  Halls  Ferry  Rd. 

Vicksburg,  Miss.  39180 


Mr.  Albertson, 

At  the  request  of  Dennis  Meinert,  soil  scientist  working  at  the 
Houston  Missouri  soil  survey  office,  I've  enclosed  all  data  from  the 
Fort  Leonard  Wood  project.  Ive  included  a  paper  copy  of  the  data 
including  the  field  descriptions  I  received,  as  well  as  a  computer  disk 
copy  in  ASCII  format.  There  are  39  files  on  the  floppy  disk,  and  by 
comparing  the  data  from  the  paper  copy  with  the  disk  data  you'll  be  able 
to  identify  the  field  headings.  I've  included  the  percent  gravel  as  the 
last  field  in  each  sample  record.  If  you  have  questions  feel  free  to 
contact  me  at  314-882-3705. 

Sincerely, 

Paul  Koenig 


cc:  Dennis  Meinert 
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Appendix  B  Soil  Laboratory  Data 


BOUNDARY:  Horizon  lower  boundaries  are  described  as  to: 

(1)  Distinctness: 

abrupt  (<1"  thick)  ...a  gradual  (2  1/2"  -5")  ...g 
clear  (1"  -2  1/2")  ...c  diffuse  (>5"  thick)  ...d 


(2) Topography  of  boundary: 


smooth 

(nearly 

a  plane) 

.  .s 

wavy 

(pockets 

with  width>depth) 

.  -W 

irregular 

(pockets 

with  depth>width) 

•  .  i 

broken 

(discontinuous) 

.  .b 

Thus  an  abrupt. 

irregular  boundary  is  noted  as 

ai 

TEXTURE : 

gravel 

. .  .g 

gravelly  sandy  loam 

. . . gsl 

very  coarse  sand 

. . .vcos 

loam 

. .  .1 

coarse  sand 

. . . cos 

gravelly  loam 

. . .  gl 

sand 

. . .  s 

stony  loam 

. . . stl 

fine  sand 

. . .  f  s 

silt 

...  si 

very  fine  sand 

. . . vfs 

silt  loam 

.  .  .  sil 

loamy  coarse  sand 

. . .  lcos 

clay  loam 

...  cl 

loamy  sand 

. . .  Is 

silty  clay  loam 

. . . sicl 

loamy  fine  sand 

.  .  . If s 

sandy  clay  loam 

. . . scl 

sandy  loam 

. .  .si 

stony  clay  loam 

. . . stcl 

fine  sandy  loam 

. . .fsl 

silty  clay 

. . . sic 

very  fine  sandy  loam 

. . vfsl 

clay 

.  .  .  c 

STRUCTURE : 

(1)  GRADE 

structureless...  0  (No  observable  aggregation  or  no  orderly 

arrangement  of  natural  lines  of 
weakness) . 

weak  ...  1  (Poorly  formed  indistinct  peds,  barely 

observable  in  place) . 

moderate  ...  2  (Well-formed  distinct  peds,  moderately 

durable  and  evident,  but  not  distinct  in 
undistrubed  soil) . 

strong  ...  3  (Durable  peds  that  are  quite  evident  in 

undisplaced  soil,  adhere  weakly  to  one 
another,-  withstand  displacement,  and 
become  separated  when  soil  is  disturbed) . 
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(2)  SIZE:  (See  accompanying  table  for  size  limits) . 


very  fine 

...  vf 

medium  ... 

m 

fine 

. . .  f 

coarse 

c 

very  coarse 

vc 

(Read  "thin" 

and  "thick" 

for  platy  instead  of  "fine" 

and  " 

coarse") . 

FORM  OF  TYPE: 

(See  accompanying  table  for  definitions.; 

) 

platy 

...  pi 

granular 

gr 

prismatic 

...  pr 

crumb 

cr 

columnar 

. . .  cpr 

(single  grain  ... 

sg) 

blocky 

...  bk 

(massive 

m) 

angular  blocky  . . .  abk 

subangular  blocky  . . .  sbk 

Thus  weak  medium  block  structure  is  noted  lmbk,  moderate  very 
thin  platy  as  2vfpl,  etc. 


CONSISTENCE:  (The  notation  of  consistence  varies  with  moisture 

content  (See  pp.  231  to  234) . 


(1)  Wet  soil: 

nonsticky  . . .wso 

slightly  sticky  . .wss 
sticky  ...ws 

very  sticky  . . .wvs 
nonplastic  . . .wpo 
slightly  plastic.. wps 
plastic  ...sp 

very  plastic  . . .wvp 


(2)  Moist  soil: 

loose 

...  ml 

very  friable 

. . .mvfr 

friable 

. . .mfr 

firm 

. . .mfi 

very  firm 

. . .mvfi 

extremely  firm 

. . .mefi 

REACTION:  Use  pH  figures. 

Indicate  effervescence  with 

slight  . .e 

strong  . .es 

violent  ..ev 


(3)  Dry  soil: 


loose 

. .  .dl 

soft 

. .  .ds 

slightly  hard 

. . . dsh 

hard 

. .  .  dh 

very  hard 

...  dvh 

extremely  hard 

. . . deh 

(4)  Cementation: 

weakly  cemented  . .  cw 
strongly  cemented  . .  cs 
indurated  ..d 


HC1  as: 
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•TOTAL -  —SILT -  - SAND- 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

SILT 

.002 

-.05 

.  SAND 
.05 
-2 

FINE  COARSE 
.002  .02 
-.02  -.05 

Or  /O. 

VF 

.05 

-.10 

F 

.10 

-.25 

M 

.25 

-.50 

C 

.5 

-1 

VC 

1 

-2 

1  •  V 

0*3 

TEXT 

CLASS 

0  Nil 

ran 

HHI120 

8-11.- 

4  3 -vs 

— 

12.1 

67.8 

20.1 

39.3 

28.4 

2.4 

7.6 

3.9 

3.4 

2.9 

17.7 

SIL 

HHT120 

11.4-23  9 

— 

11.9 

71.5 

16.6 

46.1 

25.4 

2.4 

6.5 

3.2 

2.7 

1.7 

14.2 

SIL 

HHT120 

23-28 

9-11 

— 

13.6 

71.2 

15.2 

43.2 

28.0 

2.4 

6.7 

3.1 

2.2 

0.9 

12.8 

SIL 

HHT120 

28-36 

11-14 

— 

23.8 

64.0 

12.2 

42.8 

21.2 

2.0 

5.8 

2.5 

1.4 

0.5 

10.2 

SIL 

HHT120 

36-43 

14-17 

— 

35.6 

53.6 

10.8 

33.9 

19.7 

1.9 

5.5 

2.1 

0.9 

0.5 

8.9 

SICL 

HHT120 

43-51 

17-20 

— 

49.3 

42.7 

8.0 

26.6 

16.1 

1.4 

4.0 

1.6 

0.5 

0.5 

6.6 

SIC 

HHT120 

51-58 

20-23 

— 

53.7 

38.8 

7.4 

22.2 

16.6 

1.4 

3.8 

1.4 

0.5 

0.3 

6.0 

C 

HHI120 

58-66 

23-26 

— 

58.5 

35.4 

6.1 

20.4 

15.0 

1.2 

3.3 

1.2 

0.3 

0.2 

4.9 

C 

HHT120 

66-74 

26-29 

— 

50.6 

41.8 

7.7 

24.3 

17.5 

1.4 

4.0 

1.4 

0.5 

0.3 

6.3 

SIC 

HHT120 

74-86 

29-34 

— 

39.2 

49.7 

11.1 

31.3 

18.3 

2.1 

5.9 

2.1 

0.7 

0.2 

9.0 

SICL 

HHT120 

86-99 

34-39 

— 

39.0 

50.1 

10.9 

29.8 

20.3 

2.2 

5.7 

2.1 

0.7. 

0.3 

8.7 

SICL 

HHT120 

99-112 

39-44 

— 

40.7 

49.3 

10.0 

29.4 

19.9 

1.9 

5.3 

1.9 

0.6 

0.3 

8.1 

SIC 

HHT120 

112-124 

44-49 

— 

43.5 

47.0 

9.5 

28.3 

18.7 

1.9 

5.0 

1.8 

0.6 

0.2 

7.6 

SIC 

HHT120 

124-137 

49-54 

— 

40.9 

50.3 

8.8 

31.4 

18.9 

1.8 

4.5 

1.5 

0.6 

0.5 

7.0 

SIC 

HHT120 

137-150 

54-59 

— 

38.4 

48.8 

12.8 

28.3 

20.5 

2.5 

6.3 

2.2 

1.1 

0.7 

10.3 

SICL 

HHT120 

150-163 

59-64 

— 

41.5 

48.3 

10.3 

29.2 

19.1 

2.1 

4.7 

1.5 

1.0 

0.9 

8.2 

SIC 

HHT120 

163-175 

64-69 

— 

32.6 

53.6 

13.8 

31.7 

21.9 

2.6 

7.0 

1.9 

1.0 

1.3 

11.2 

SICL 

SAMPLE  #  NH40AC  EXTRACTABLE 

Ca  Mg  Na  K 

BASES 

SUM 

BASES 

ACID 

ITY 

-  EXTR  - CEC -  A1 

A1  SAT 

SUM  NH4  BASES 

CATS  OAc  +AL 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

— pH— - 

CaC12  H20 
.01M 

jluu  g 

HHT120 

3.4 

2.4 

.1 

.2 

6.1 

4.3 

.1 

10.4 

8.8 

6.2 

2 

59 

69 

1.0 

6.0 

6.3 

HHT120 

2.4 

2.0 

.1 

.1 

4.6 

4.6 

0.0 

9.2 

7.4 

4.6 

0 

50 

62 

0.7 

5.9 

6.6 

HHT120 

1.2 

1.6 

.1 

.1 

3.0 

5.9 

.5 

8.8 

7.4 

3.5 

14 

34 

41 

0.5 

4,8 

5.6 

HHT120  ■ 

1.0 

2.4 

.1 

.1 

3.6 

9.5 

4.8 

13.1 

11.6 

8.3 

57 

27 

31 

0.2 

4.3 

5.2 

HHT120 

1.5 

4.0 

.3 

.1 

5.9 

14.0 

8.2 

19.9 

18.2 

14.1 

58 

30  • 

.32 

0.3 

4.2 

5.0 

HHT120 

1.7 

7.1 

.5 

.2 

9.5 

19.4 

11.9 

28.9 

26.1 

21.4 

56 

33 

36 

0.3 

4.2 

4.9 

HHT120 

1.9 

9.1 

.6 

.3 

11.9 

21.2 

12.2 

33.1 

29.7 

24.1 

51 

36 

40 

0.3 

4.2 

4.9 

HHT120 

1.7 

11.0 

.8 

.4 

13.9 

23.0 

11.0 

36.9 

31.9 

24.9 

44 

38 

44 

0.3 

4.2 

4.8 

HHT120 

1.4 

10.2 

.7 

.2 

12.5 

18.8 

10.2 

31.3 

27.3 

22.7 

45 

40 

46 

0.3 

4.2 

5.0 

HHT120 

1.0 

8.8 

.6 

.2 

10.7 

11.9 

5.0 

22.6 

20.4 

15.7 

32 

47 

52 

0.2 

4.4 

5.1 

HHT120  • 

1.2 

11.4 

.8 

.1 

13.5 

7.4 

.9 

20.9 

19.4 

14.4 

6 

65 

70 

0.1 

5.0 

5.7 

HHT120 

1.5 

13.9 

1.0 

.1 

16.5 

4.4 

0.0 

20.9 

20.3 

16.5 

0 

79 

81 

0.2 

5.9 

6.5 

HHT120 

1.9 

14.9 

1.2 

.1 

18.1 

3.9 

0.0 

22.0 

22.2 

18.1 

0 

82 

82 

0.1 

6.6 

7.1 

HHT120  ■ 

1.7 

15.9 

1.3 

.2 

19.1 

2.6 

0.0 

21.7 

21.3 

19.1 

0 

88 

90 

0.1 

6.8 

7.4 

HHT120 

1.7 

15.4 

1.3 

.2 

18.6 

2.5 

0.0 

21.1 

21.3 

18.6 

0 

88 

87 

0.1 

7.1 

7.6 

HHT120 

2.0 

17.1 

1.4 

.3 

20.8 

3.0 

0.0 

23.8 

23.0 

20.8 

0 

87 

90 

0.1 

7.1 

7.7 

HHT120  . 

1.4 

13.5 

1.1 

.2 

16.2 

2.1 

0.0 

18.3 

17.9 

16.2 

0 

89 

91 

0.1 

7.2 

7.8 
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Atf'l  £ 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

- SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

VF 

.05 

-.10 

— . S 

F  M 

.10  .25 

-.25  -.50 

AND- 

C 

.5 

-1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

Oi  \iuau~ 

HHT170 

46-53 

18-21 

-- 

15.6 

66.6 

17.8 

42.4 

24.2 

3.2 

9.0 

3.2 

1.7 

0.8 

14.6 

SIL 

HHT170 

53-58 

21-23 

— 

23.1 

53.6 

23.3 

32.2 

21.4 

2.6 

9.4 

4.9 

3.4 

3.1 

20.7 

SIL 

HHT170 

61-69 

24-27 

— 

19.6 

42.0 

38.4 

22.9 

19.1 

4.0 

13.4 

6.9 

5.6 

8.6 

34.4 

L 

HHT170 

76-84 

30-33 

— 

52.8 

33.4 

13.7 

14.5 

18.9 

2.7 

7.6 

2.2 

1.0 

0.3 

11.0 

C 

HHT170 

91-99 

36-39 

— 

28.6 

48.0 

23.4 

25.1 

22.9 

4.6 

12.7 

3.5 

1.9 

0.7 

18.8 

CL 

HHT170 

114-122 

45-48 

— 

35.2 

43.9 

20.9 

24.6 

19.3 

3.0 

9.9 

4.3 

2.7 

1.0 

17.9 

CL 

HHT325 

0-6.4 

— 

1.7 

3.5 

94.7 

2.5 

1.0 

1.9 

61.3 

28.1 

2.9 

0.5 

92.8 

FS 

HHT325 

6.4-10 

4 

— 

4.0 

6.0 

90.0 

1.9 

4.1 

2.9 

44.3 

34.2 

6.8 

1.7 

87.1 

S 

HHT325 

13-23 

5-9 

— 

3.0 

3.9 

93.1 

0.6 

3.3 

1.9 

44.8 

37.0 

7.8 

1.5 

91.2 

S 

HHT325 

24-28 

*r-n 

— 

0.7 

1.9 

97.4 

1.8 

0.2 

1.0 

41.1 

48.0 

6.3 

1.0 

96.4 

S 

HHT325 

30-38 

12-15 

— 

0.8 

2.4 

96.9 

1.2 

1.1 

0.8 

43.5 

46.8 

5.2 

0.6 

96.1 

S 

HHT325 

53-61 

21-24 

— 

3.2 

2.0 

94.8 

0.3 

1.7 

1.2 

46.6 

41.7 

4.5 

0.9 

93.6 

S 

HHT325 

71-86 

28-34 

— 

2.3 

4.5 

93.2 

3.0 

1.5 

1.5 

45.3 

41.0 

4.7 

0.7 

91.7 

s 

HHT325 

102-107 

40-42 

— 

2.0 

3.9 

94.1 

2.5 

1.4 

1.6 

41.2 

39.0 

9.1 

3.2 

92.5 

s 

HHT325 

107-114 

42-45 

— 

8.6 

20.3 

71.1 

9.7 

10.6 

5.4 

47.8 

15.6 

2.0 

0.4 

65.7 

FSL 

HHT325 

127-135 

50-53 

— 

7.1 

13.4 

79.5 

5.6 

7.7 

5.1 

49.0 

19.8 

4.0 

1.6 

74.4 

LS 

HHT325 

135-147 

53-58 

— 

7.8 

13.1 

79.1 

4.9 

8.2 

5.0 

50.8 

19.4 

3.4 

0.5 

74.1 

LFS 

HHT325 

147-160 

58-63 

— 

5.3 

7.0 

87.8 

1.8 

5.2 

2.8 

44.3 

30.3 

8.9 

1.6 

85.0 

S 

HHT325 

160-165 

63-65 

— 

1.8 

2.5 

95.7 

2.2 

0.2 

1.1 

19.3 

22.8  16.6 

36.0 

94.6 

COS 

HHT325 

165-169 

65- 

— 

3.4 

2.0 

94.6 

0.3 

1.7 

1.0 

43.7 

38.8 

8.4 

2.8 

93.6* 

s 

HHT325 

169-173 

-68 

— 

7.7 

14.6 

77.7 

6.6. 

8.1 

4.8 

46.2 

19.8 

5.6 

1.2 

72.9 

FSL 

B6 


Appendix  B  Soil  Laboratory  Data 


SAMPLE  #  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  - CEC .  A1  BASE  SAT  ORG  — pH- 


Ca 

Mg 

Na 

K 

SUM 

BASES 

ITY 

A1 

HHT170 

1.4 

1.6 

.1 

.1 

3.2 

- XUU  g- 

6.6  .8 

HHT170 

2.2 

2.4 

.2 

.1 

4.9 

7.6 

2.2 

HHT170 

1.2 

1.6 

.1 

.1 

3.0 

8.8 

2.2 

HHT170 

4.4 

9.2 

.4 

.2 

14.2 

16.3 

5.9 

HHT170 

2.4 

5.6 

.2 

.1 

8.3 

5.3 

.3 

HHT170 

4.1 

8.0 

.3 

.1 

12.5 

4.0 

0.0 

HHT325 

2.5 

1.5 

o 

o 

.1 

4.1 

.8 

— 

HHT325 

2.9 

1.6 

TR 

TR 

4.6 

1.7 

— 

HHT325 

2.6 

1.9 

TR 

TR 

4.6 

.7 

— 

HHT325 

1.2 

.8 

0.0 

TR 

2.0 

.7 

— 

HHT325 

1.0 

.8 

0.0 

TR 

1.8 

1.0 

— 

HHT325 

1.2 

.8 

0.0 

TR 

2.0 

1.7 

— 

HHT325 

.9 

.8 

0.0 

TR 

1.7 

.5 

— 

HHT325 

.7 

.4 

0.0 

TR 

1.1 

2.0 

— 

HHT325 

3.3 

1.6 

0.0 

.1 

5.0 

1.0 

-- 

HHT325 

2.4 

1.2 

TR 

TR 

3.7 

1.4 

— 

HHT325 

2.7 

1.2 

TR 

.1 

4.0 

2.0 

— 

HHT325 

1.9 

.8 

TR 

TR 

2.8 

1.3 

— 

HHT325 

.9 

.4 

TR 

TR 

1.4 

1.0 

— 

HHT325 

1.0 

.4 

0.0 

TR 

1.4 

.8 

— 

HHT325 

3.1 

1.2 

0.0 

.1 

4.4 

2.3 

~ 

SAT  C 

SUM  NH4  BASES  SUM  NH4  CaCl2  H20 


CATS  OAc  +AL 

OAc 

_<v 

•  01M 

9.8 

7.6 

4.0 

20 

33 

42 

0.4 

4.6 

5.4 

12.5 

11.3 

7.1 

31 

39 

43 

0.2 

4.5 

5.3 

11.8 

10.4 

5.2 

42 

25 

29 

0.1 

4.5 

5.4 

30.5 

27.0 

20.1 

29 

47 

53 

0.3 

4.4 

5.0 

13.6 

13.1 

8.6 

3 

61 

63 

0.1 

5.1 

5.8 

16.5 

15.8 

12.5 

0 

76 

79 

0.1 

6.0 

6.5 

4.9 

2.8 

— 

— 

84 

100 

0.7 

6.5 

7.2 

6.3 

3.1 

— 

— 

73 

100 

0.5 

6.6 

7.2 

5.3 

1.6 

— 

— 

87 

100 

0.4 

6.8 

7.6 

2.7 

1.4 

— 

— 

74 

100 

0.2 

6.7 

7.6 

2.8 

1.5 

— 

— 

64 

100 

0.1 

6.6 

7.5 

3.7 

1.6 

— 

— 

54 

100 

0.2 

6.6 

7.6 

2.2 

1.6 

— 

— 

77 

100 

0.1 

6.6 

7.6 

3.1 

1.6 

— 

— 

35 

69 

0.1 

6.1 

7.1 

6.0 

5.8 

— 

— 

83 

86 

0.4 

6.6 

7.4 

5.1 

4.8 

— 

— 

73 

77 

0.3 

6.5 

7.3 

6.0 

4.5 

— 

— 

67 

89 

0.3 

6.4 

7.3 

4.1 

3.5 

— 

— 

68 

80 

0.2 

6.2 

7.1 

2.4 

2.1 

— 

— 

58 

67 

0.1 

6.0 

6.8 

2.2 

1.8 

— 

-- 

64 

78 

0.1 

5.9 

6.8 

6.7 

5.1 

— 

— 

66 

86 

0.3 

6.2 

6.9 

Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  samole  data  12 -20~93  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 

L  tu>  3 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05  ■ 

VF 

.05 

-.10 

. SAND— 

F  M  C 

.10  .25  .5 

-.25  -.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

i  UL  N 

HHT385 

0-10 

0-4 

— 

2.5 

5.0 

92.5 

2.8 

2.2 

2.3 

47.7 

37.3 

4.7 

0.5 

90.2 

S 

HHT385 

10-15 

4-6 

— 

7.5 

17.2 

75.2 

9.9 

7.3 

5.6 

52.2 

15.1 

2.2 

0.1 

69.6 

FSL 

HHT385 

15-18 

6-7 

— 

2.1 

4.2 

93.7 

2.1 

2.1 

1.5 

33.0 

48.3 

9.8 

1.1 

92.2 

S 

HHT385 

18-30 

7-12 

— 

1.6 

7.6 

90.8 

4.7 

3.0 

2.7 

43.6 

39.1 

5.1 

0.4 

88.1 

S 

HHT385 

30-36 

12-14 

— 

4.9 

14.3 

80.8 

8.3 

6.0 

4.4 

39.2 

27.6 

8.6 

1.0 

76.4 

LS 

HHT385 

46-56 

18-22 

— 

0.1 

0.8 

99.1 

0.3 

0.5 

0.1 

13.2 

54.9 

27.1 

3.7 

99.0 

S 

HHT385 

74-84 

29-33 

— 

0.6 

0.5 

99.0 

0.5 

0.0 

0.2 

25.2 

62.8 

10.0 

0.6 

98.8 

S 

HHT385 

91-94 

36-37 

— 

5.5 

11.8 

82.7 

7.4 

4.4 

5.2 

50.0 

24.3 

2.6 

0.6 

77.5 

LS 

HHT385 

94-99 

37-39 

— 

1.9 

1.5 

96.6 

1.3 

0.2 

1.0 

37.4 

52.1 

5.7 

0.5 

95.6 

S 

HHT385 

99-104 

39-41 

— 

6.2 

12.2 

81.7 

6.5 

5.7 

5.7 

44.7 

23.5 

6.4 

1.3 

76.0 

LS 

HHT385 

117-127 

46-50 

— 

0.1 

0.3 

99.5 

0.3 

0.0 

0.2 

22.4 

60.0 

15.2 

1.8 

99.3 

S 

HHT385 

145-152 

57-60 

— 

4.0 

7.3 

88.7 

4.3 

3.0 

3.4 

50.3 

31.5 

2.8 

0.7 

85.3 

FS 

HHT385 

152-165 

60-65 

— 

2.7 

2.8 

94.4 

1.7 

1.1 

1.2 

49.5 

38.2 

5.0 

0.6 

93.2 

S 

HHT385 

165-170 

65-67 

— 

7.7 

16.3 

76.0 

8.4 

7.9 

6.4 

49.7 

17.1 

2.0 

0.8 

69.6 

FSL 

HHT385 

170-183 

67-72 

-- 

2.6 

4.1 

93.2 

2.3 

1.8 

2.0 

42.3 

43.0 

5.1 

0.9 

91.2 

S 

SAMPLE  #  NHLOAc  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  A1  BASE  SAT  ORG  —pH - 

ITY  A1  SAT  C 


Ca 

Mg 

Na 

K 

SUM 

BASES 

SUM 

CATS 

NH4 

OAc 

BASES 

+AL 

SUM 

NH4 

OAc 

5/ _ 

CaC12  H20 
.01M 

HHT385 

1.7 

.8 

.1 

.1 

2.7 

1.5 

— 

4.2 

2.5 

— 

— 

64 

100 

0.3 

6.5 

7.4 

HHT385 

3.7 

1.6 

0.0 

.1 

5.4 

1.8 

— 

7.2 

5.6 

— 

— 

57 

75 

0.5 

6.5 

7.1 

HHT385 

.7 

.4 

0.0 

TR 

1.2 

.6 

— 

1.8 

1.9 

— 

— 

67 

63 

0.2 

6.1 

6.9 

HHT385 

1.0 

.4 

0.0 

TR 

1.4 

1.2 

— 

2.6 

2.2 

— 

— 

54 

64 

0.1 

6.0 

6.9 

HHT385 

2.4 

1.2 

0.0 

TR 

3.6 

1.9 

— 

5.5 

4.0 

— 

— 

65 

90 

0.4 

6.2 

6.9 

HHT385 

0.0 

.4 

0.0 

0.0 

0.4 

.7 

— 

1.1 

.9 

— 

— 

36 

44 

0.1 

5.6 

6.4 

HHT385 

0.0 

0.0 

TR 

0.0 

OR 

.8 

— 

.8 

.9 

— 

— 

3 

2 

TR 

5.5 

6.5 

HHT385 

2.9 

1.2 

0.0 

TR 

4.2 

1.4 

— 

5.6 

5.1 

— 

— 

75 

82 

0.4 

6.0 

6.7 

HHT385 

.5 

.4 

0.0 

TR 

0.9 

1.0 

— 

1.9 

1.5 

— 

— 

47- 

60 

0.1 

5.8 

6.7 

HHT385 

2.4 

1.2 

0.0 

TR 

3.6 

2.5 

— 

6.1 

4.4 

— 

— 

59 

82 

0.4 

6.1 

6.8 

HHT385 

2.2 

0.0 

0.0 

0.0 

2.2 

.8 

— 

3.0 

.9 

— 

— 

73 

100 

TR 

5.6 

6.5 

HHT385 

1.5 

.8 

0.0 

TR 

2.3 

1.3 

— 

3.6 

2.7 

— 

— 

64 

85 

0.2 

6.7 

7.3 

HHT385 

.7 

.4 

TR 

TR 

1.1 

1.4 

- 

2.5 

2.1 

— 

— 

44 

52 

0.1 

6.2 

6.9 

HHT385 

3.1 

1.2 

0.0 

TR 

4.3 

2.2 

— 

6.5 

5.4 

— 

— 

66 

80 

0.4 

6.3 

7.1 

HHT385 

.9 

.4 

0.0 

TR 

1.3 

.7 

— 

2.0 

2.4 

-- 

-- 

65 

54 

0.1 

6.3 

7.2 

B8 


Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sample  data 


12-20-93  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


- TOTAL . -SILT . SAND . 

SAMPLE  #  DEPTH  DEPTH  HORIZON  CLAY  SILT  SAND  FINE  COARSE  VF  F  M  C  VC  >VF  TEXT 
cm  in  <  .002  .05  .002  .02  .05  .10  .25  .5  1  .10  CLASS 

.002  -.05  -2  -.02  -.05  -.10  -.25  -.50  -1  -2  -2 

- X  0f  <2mm - 


HH14 

0-5 

0-2  — 

8.9 

27.4 

63.7 

17.4 

10.1 

3.2 

13.5 

28.9 

15.6 

2.5 

60.5 

MSL 

HH14 

8-18 

3-7  — 

7.9 

24.8 

67.2 

15.9 

8.9 

2.6 

12.1 

30.8 

19.0 

2.7 

64.6 

MSL 

HH14 

18-33 

7-13  — 

13.1 

41.8 

45.1 

27.0 

14.8 

4.1 

10.9 

17.7 

10.9 

1.5 

41.0 

L 

HH14 

33-46 

13-18  — 

5.2 

17.1 

77.7 

10.6 

6.5 

3.0 

17.1 

31.9 

22.2 

3.6 

74.7 

LCOS 

HH14 

46-56 

18-22  — 

1.7 

4.3 

93.9 

3.5 

0.9 

0.8 

15.2 

48.8 

27.2 

2.0 

93.1 

COS 

HH14 

56-66 

22-26  — 

12.4 

40.4 

47.2 

23.7 

16.8 

6.6 

27.9 

10.7 

1.8 

0.1 

40.6 

L 

HH14 

66-76 

26-30  — 

10.8 

34.6 

54.6 

20.5 

14.1 

6.7 

36.2 

10.6 

0.8 

0.3 

47.9 

FSL 

HH14 

76-86 

30-34  — 

9.0 

23.2 

67.8 

13.0 

10.2 

5.7 

42.4 

18.3 

1.2 

0.1 

62.1 

FSL 

HH14 

86-97 

34-38  — 

6.5 

14.9 

78.6 

7.9 

7.0 

5.6 

55.2 

16.6 

1.0 

0.2 

73.0 

LFS 

HH14 

97-107 

38-42  — 

3.1 

6.9 

90.0 

3.6 

3.3 

2.8 

54.9 

29.6 

2.4 

0.2 

87.2 

FS 

HH14 

107-117 

42-46  — 

1.3 

1.7 

97.0 

1.2 

0.5 

0.8 

36.9 

48.6 

8.9 

1.8 

96.2 

S 

HH14 

117-127 

46-50  — 

1.1 

2.4 

96.5 

0.9 

1.5 

0.8 

38.8 

49.6 

6.4 

0.8 

95.7 

s 

SAMPLE 

#  NH40AC  EXTRACTABLE  BASES  ACID¬ 
ITY 

Ca  Mg  Na  K  SUM 

BASES 

-  EXTR 

A1 

- CEC . 

SUM  NH4  BASES 
CATS  OAc  +AL 

A1 

SAT 

BASE 

SUM 

SAT  l 

NH4 

OAc 

3RG  —  pH— 
C 

CaC12  H: 
.01M 

HH14 

8.3 

2.4  0.0 

.2 

11.0 

2.9  --  13.9 

10.5  —  — 

79 

- /£- 

100 

1.7 

6.8 

7.2 

HH14 

4.6 

1.5  0.0 

.1 

6.2 

2.1 

—  8.3 

6.5  —  — 

75 

95 

0.7 

6.6 

7.2 

HH14 

6.3 

2.4  0.0 

.1 

8.8 

2.3 

—  11.1 

9.7  —  — 

79 

91 

1.0 

6.5 

7.0 

HH14 

2.2 

.8  .1 

TR 

3.2 

1.1 

—  4.3 

3.8  —  — 

74 

84 

0.3 

6.3 

7.0 

HH14 

.7 

.4  0.0 

TR 

1.1 

.4 

—  1.5 

1.7  —  — 

73 

65 

0.1 

6.0 

6.8 

HH14 

7.8 

2.0  .1 

.1 

10.0 

2.7 

—  12.7 

10.0  —  — 

79 

100 

0.9 

6.2 

6.9 

HH14 

8.5 

2.0  TR 

.1 

10.6 

2.6 

—  13.2 

8.8  —  — 

80 

100 

0.7 

6.2 

6.8 

HH14 

6.0 

1.6  TR 

.1 

7.7 

2.2 

—  9.8 

6.6  —  — 

78 

100 

0.4 

6.1 

6.7 

HH14 

3.1 

.8  TR 

.1 

4.0 

1.4 

—  5.4 

4.4 

74 

91 

0.3 

6.1 

6.7 

HH14 

4.6 

.4  0.0 

TR 

5.0 

.7 

—  5.7 

2.4  —  — 

88 

100 

0.1 

5.9 

6.7 

HH14 

.5 

0.0  0.0 

TR 

0.5 

.5 

1.0 

1.2  —  — 

50 

42 

0.1 

5.7 

6.6 

HH14 

1.0 

0.0  0.0 

TR 

1.0 

.5 

—  1.5 

1.2  —  — 

67 

83 

0.1 

5.6 

6.7 

Appendix  B  Soil  Laboratory  Data 
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■TOTAL- 

- SILT - 

. SAND— 

SAMPLE  # 

DEPTH 

DEPTH 

HORIZON 

CLAY 

SILT 

SAND 

FINE 

COARSE  VF 

F 

M 

C 

VC 

>VF 

TEXT 

cm 

in 

< 

.002 

.05 

.002 

.02 

.05 

.10  .25 

.5 

1 

.10 

CLASS 

.002 

-.05 

-2 

-.02 

-.05 

-.10 

-.25  -.50 

-1 

-2 

-2 

- % 

of  <2mm-~ 

. 

HHT240 

0-8 

0-3 

-- 

13.7 

36.6 

49.7 

22.3 

14.3 

5.7 

23.4 

17.0 

3.3 

0.4 

44.0 

L  i 

HHT240 

8-15 

3-6 

— 

13.2 

32.9 

53.9 

19.9 

13.0 

5.4 

25.3 

18.8 

3.5 

0.8 

48.5 

FSL 

HHT240 

15-25 

6-10 

— 

5.2 

12.5 

82.2 

6.4 

6.2 

3.0 

37.4 

34.7 

6.2 

0.9 

79.2 

LS  ' 

HHT240 

25-36 

10-14 

— 

7.5 

24.3 

68.2 

16.0 

8.3 

3.4 

28.3 

28.9 

6.1 

1.5 

64.8 

MSL 

HHT240 

36-41 

14-16 

— 

5.6 

17.4 

77.1 

11.7 

5.6 

2.6 

37.1 

32.5 

4.4 

0.4 

74.5 

LS 

HHT240 

41-53 

16-21 

— 

10.6 

33.5 

55.9 

20.3 

13.3 

5.7 

27.9 

16.8 

4.5 

1.0 

50.2 

FSL 

HHT240 

53-69 

21-27 

— 

11.2 

35.9 

52.9 

21.1 

14.8 

5.8 

29.6 

13.1 

3.9 

0.5 

47.1 

FSL 

HHT240 

69-76 

27-30 

— 

6.7 

22.0 

71.3 

12.8 

9.3 

4.2 

40.5 

21.4 

3.9 

1.1 

67.1 

FSL 

HHT240 

76-86 

30-34 

— 

8.0 

23.6 

68.4 

13.0 

10.6 

4.8 

33.0 

24.4 

5.2 

1.0 

63.6 

FSL 

HHT240 

86-94 

34-37 

— 

10.9 

39.4 

49.6 

24.8 

14.6 

4.2 

24.0 

16.2 

4.1 

1.2 

45.4 

L 

HHT240 

97-102 

38-40 

— 

6.1 

17.1 

76.8 

8.9 

8.1 

4.7 

23.5 

39.9 

8.4 

0.3 

72.1 

LS 

HHT240 

122-127 

48-50 

— 

1.9 

2.0 

96.0 

0.3 

1.8 

1.2 

26.4 

58.0  10.0 

0.4 

94.8 

S 

HHX240 

130-145 

51-57 

— 

12.5 

32.8 

54.8 

17.5 

15.2 

10.0 

31.1 

12.2 

1.4 

0.0 

44.8 

FSL 

HHT240 

145-157 

57-62 

— 

2.7 

5.6 

91.7 

2.8 

2.8 

2.6 

54.6 

32.1 

2.1 

0.2 

89.1 

FS 

HHT240 

157-173 

62-68 

— 

0.1 

1.3 

98.6 

0.9 

0.4 

0.7 

48.8 

43.9 

4.7 

0.5 

97.9 

S 

SAMPLE  #  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  . CEC .  A1  BASE  SAT  ORG  —pH - 

ITY  A1  SAT  C 

Ca  Mg  Na  K  SUM  SUM  NH4  BASES  SUM  NH4  CaC12  H20 

BASES  CATS  OAc  +AL  OAc  .01M 

. - . meq/100  g . % . 


HHT240 

11.7 

3.2 

.1 

.5 

15.5 

2.9 

— 

18.4 

13.7 

— 

— 

84 

100 

2.4 

6.6 

6.8 

HHT240 

7.9 

2.4 

TR 

.2 

10.5 

1.9 

— 

12.4 

11.2 

— 

— 

85 

94 

1.6 

7.0 

7.3 

HHT240 

2.9 

2.4 

0.0 

.1 

5.4 

.8 

— 

6.2 

4.1 

— 

— 

87 

100 

0.4 

6.8 

7.4 

HHT240 

3.7 

1.2 

.1 

.1 

5.1 

1.0 

— 

6.1 

5.2 

— 

— 

84 

98 

0.5 

6.8 

7.5 

HHT240 

3.2 

.8 

TR 

.1 

4.1 

1.0 

— 

5.1 

4.8 

— 

— 

80 

85 

0.5 

6.7 

7.4 

HHT240 

4.4 

1.6 

0.0 

.1 

6.1 

1.5 

— 

7.6 

7.1 

— 

— 

80 

86 

0.5 

6.7 

7.5 

HHT240 

3.6 

1.6 

0.0 

.1 

5.3 

1.9 

— 

7.2 

6.3 

— 

— 

74 

84 

0.4 

6.6 

7.4 

HHT240 

2.9 

.8 

0.0 

TR 

3.7 

1.4 

— 

5.1 

4.3 

— 

— 

73 

86 

0.2 

6.5 

7.4 

HHT240 

2.5 

.8 

0.0 

TR 

3.4 

1.8 

— 

5.2 

4.2 

— 

— 

65 

81 

0.2 

6.5 

7.4 

HHT240 

5.3 

1.2 

TR 

.1 

6.6 

2.2 

— 

8.8 

7.2 

— 

— 

75 

92 

0.4 

6.6 

7.3 

HHT240 

2.7 

.8 

TR 

.1 

3.6 

1.0 

— 

4.6 

4.5 

— 

— 

78 

80 

0.2 

6.4 

7.2 

HHT240 

.5 

0.0 

0.0 

0.0 

0.5 

.5 

— 

1.0 

1.2 

— 

— 

50 

42 

TR 

6.1 

7.0 

HHT240 

5.6 

2.0 

TR 

.1 

7.7 

2.5 

— 

10.2 

8.7 

— 

— 

75 

89 

0.5 

6.4 

7.1 

HHT240 

1.4 

.4 

.1 

TR 

1.9 

1.2 

— 

3.1 

2.4 

— 

— 

61 

79 

0.2 

6.2 

7.1 

HHT240 

.2 

o 

o 

0.0 

0.0 

0.2 

.4 

-- 

.6 

1.0 

— 

-- 

33 

20 

TR 

5.7 

6.9 

BIO 
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Ft.  Leonard  Wood  sample  data  12-20-93  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 

_ _ _ 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT -  — 

FINE  COARSE  VF 
.002  .02  .05 
-.02  -.05  -.10 

- SAND- 

F  M  C 

.10  .25  .5 

-.25  -.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

-'b 

UI  \jLU1UI 

RI1130 

3-13 

1-5 

— 

16.7 

42.1 

41.2 

23.0 

19.2 

6.3 

21.8 

10.4 

2.4 

0.4 

34.9 

L 

RT1130 

13-23 

5-9 

— 

18.9 

49.6 

31.6 

27.1 

22.5 

7.0 

17.9 

5.1 

1.1 

0.4 

24.6 

L 

RT1130 

30-41 

12-16 

— 

17.2 

42.4 

40.4 

23.9 

18.5 

7.6 

22.6 

7.6 

2.2 

0.5 

32.8 

L 

RT1130 

41-51 

16-20 

— 

16.9 

43.1 

40.0 

22.7 

20.4 

7.5 

19.6 

9.7 

2.7 

0.6 

32.5 

L  . 

RT1130 

53-64 

21-25 

— 

8.3 

21.4 

70.3 

11.8 

9.6 

3.7 

21.1 

32.8 

11.0 

1.8 

66.6 

MSL 

RT1130 

64-74 

25-29 

— 

8.1 

21.4 

70.5 

11.2 

10.2 

3.6 

22.2 

32.8 

10.9 

1.1 

66.9 

MSL 

RT1130 

74-84 

29-33 

— 

4.7 

13.1 

82.2 

6.9 

6.2 

2.4 

29.7 

38.8 

10.5 

0.9 

79.8 

LS 

RX1130 

84-94 

33-37 

— 

7.7 

25.4 

66.9 

14.4 

10.9 

3.6 

28.8 

27.9 

6.0 

0.6 

63.3 

MSL 

RT1130 

94-104 

37-41 

— 

16.5 

56.6 

26.9 

28.7 

27.9 

5.9 

12.1 

6.6 

2.0 

0.2 

21.0 

SIL 

RT1130 

104-114 

41-45 

— 

14.9 

42.3 

42.8 

22.9 

19.5 

6.8 

29.1 

4.7 

1.4 

0.7 

36.0 

L 

RX1130 

114-124 

45-49 

— 

20.5 

45.3 

34.2 

21.6 

23.7 

11.3 

17.7 

2.4 

2.0 

0.8 

22.9 

L 

RX1130 

127-135 

50-53 

— 

2.8 

1.0 

96.2 

0.0 

1.0 

0.2 

5.7 

36.5 

41.9 

11.9 

96.0 

COS 

RX1130 

142-152 

56-60 

-- 

6.1 

5.8 

88.1 

1.9 

3.9 

1.2 

11.8 

27.7 

16.3 

31.1 

86.9 

LCOS 

SAMPLE  #  NH40AC  EXTRACTABLE 

Ca  Mg  Na  K 

BASES 

SUM 

BASES 

ACID¬ 

ITY 

EXTR  - CEC* 

A1 

SUM  NH4 
CATS  OAc 

BASES 

+AL 

A1 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

— pH— 

CaC12  H20 
.01M 

RT1130 

4.8 

1.6 

0.0 

.1 

6.5 

3.8 

— 

10.3 

9.1 

— 

— 

63 

71 

0.8 

5.7 

6.3 

RT1130 

4.7 

1.6 

0.0 

.1 

6.4 

3.9 

— 

10.3 

9.1 

— 

— 

62 

70 

0.2 

5.6 

6.3 

RT1130 

4.6 

1.2 

0.0 

.1 

5.9 

3.4 

— 

9.3 

9.0 

— 

— 

63 

66 

0.2 

5.5 

6.2 

RT1130 

4.1 

1.2 

0.0 

.1 

5.4 

3.8 

— 

9.2 

8.7 

— 

— 

59 

62 

0.2 

5.4 

6.2 

RT1130 

2.2 

.8 

0.0 

.1 

3.1 

2.4 

— 

5.5 

4.8 

— 

— 

56 

65 

0.1 

5.3 

6.1 

RT1130 

2.2 

.4 

TR 

.1 

2.7 

2.3 

— 

5.0 

4.5 

— 

— 

54 

60 

0.1 

5.3 

6.1 

RT1130 

1.4 

.4 

0.0 

TR 

1.8 

1.5 

— 

3.3 

3.2 

— 

— 

55 

56 

TR 

5.2 

6.1 

RT1130 

1.9 

.4 

0.0 

.1 

2.4 

1.9 

— 

4.3 

4.5 

— 

— 

56 

53 

0.1 

5.3 

6.2 

RT1130 

3.6 

1.6 

0.0 

.2 

5.4 

3.5 

— 

8.8 

8.5 

— 

— 

61 

64 

0.2 

5.4 

6.2 

RT1130 

3.9 

1.6 

0.0 

.1 

5.6 

3.1 

— 

8.7 

7.7 

— 

— 

64 

73 

0.1 

5.4 

6.2 

RT1130 

5.0 

2.0 

0.0 

.1 

7.1 

3.7 

— 

10.8 

10.3 

— 

— 

66 

69 

0.2 

5.5 

6.2 

RT1130 

1.0 

.4 

0.0 

TR 

1.4 

1.0  ' 

— 

2.4 

2.0 

— 

— 

58 

70 

0.1 

5.3 

6.2 

RT1130 

1.9 

.8 

0.0 

.1 

2.8 

2.1 

— 

4.9 

4.1 

— 

— 

57 

68 

0.1 

5.4 

6.2 
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SAMPLE  # 


RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 

RT230 


B12 


'■f/io  ~y 


DEPTH 

cm 

DEPTH 

la 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT -  — 

FINE  COARSE  VF 
.002  .02  .05 
-.02  -.05  -.10 

] 

- SAND- 

F  M  C 

10  .25  .5 

25  -.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

0-5 

0-2 

-- 

15.1 

78.1 

6.8 

47.3 

30.7 

3.8 

2.2 

0.4 

0.3 

0.2 

3.0 

SIL 

10-20 

4-8 

— 

19.6 

74.6 

5.8 

47.3 

27.4 

3.1 

1.9 

0.2 

0.1 

0.5 

2.7 

SIL 

20-30 

8-12 

— 

20.8 

73.8 

5.4 

47.5 

26.3 

3.2 

1.9 

0.2 

0.1 

0.0 

2.2 

SIL 

30-38 

12-15 

— 

22.3 

72.0 

5.8 

46.7 

25.3 

3.1 

2.1 

0.2 

0.1 

0.4 

2.7 

SIL 

38-48 

15-19 

— 

21.7 

73.4 

4.9 

45.5 

27.9 

2.7 

1.9 

0.1 

0.1 

0.0 

2.2 

SIL 

48-58 

19-23 

— 

22.9 

71.4 

5.6 

46.7 

24.7 

3.1 

2.0 

0.1 

0.1 

0.3 

2.5 

SIL 

58-69 

23-27 

— 

22.4 

71.9 

5.7 

45.6 

26.4 

3.4 

2.1 

0.1 

0.1 

0.0 

2.3 

SIL 

81-91 

32-36 

— 

22.8 

69.1 

8.1 

41.2 

27.9 

4.2 

3.4 

0.2 

0.1 

0.3 

3.9 

SIL 

91-102 

36-40 

— 

22.8 

68.8 

8.4 

41.9 

26.8 

4.8 

3.3 

0.3 

0.1 

0.0 

3.6 

SIL 

102-112 

40-44 

— 

22.2 

70.9 

6.9 

41.9 

29.0 

4.4 

2.2 

0.1 

0.0 

0.2 

2.5 

SIL 

112-122 

44-48 

— 

22.8 

69.8 

7.3 

42.4 

27.4 

3.9 

3.1 

0.3 

0.0 

0.0 

3.4 

SIL 

127-137 

50-54 

— 

20.9 

69.5 

9.6 

41.0 

28.5 

3.9 

4.4 

0.9 

0.2 

0.2 

5.7 

SIL 

137-147 

54-58 

— 

21.4 

67.0 

11.6 

41.1 

25.9 

3.7 

5.5 

2.0 

0.5 

0.0 

7.9 

SIL 

147-157 

58-62 

— 

17.0 

52.4 

30.6 

32.0 

20.5 

2.5 

7.7 

8.2 

5.3 

6.9  28.1 

SIL 

173-183 

68-72 

— 

12.6 

11.8 

75.6 

8.2 

3.6 

0.4 

6.0 

19.0 

20.8  29.3  75.2 

COS  L 

Appendix  B  Soil  Laboratory  Data 


SAMPLE  #  NH40Ac  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  A1  BASE  SAT  ORG  —pH - 

ITY  A1  SAT  C 

Ca  Mg  Na  K  SUM  SUM  NH4  BASES  SUM  NH4  CaC12  H20 

BASES  CATS  OAc  +AL  OAc  .OIM 

- nieq/100  g -  - % - 


RT230 

6.9 

1.6 

0.0 

.6 

9.1 

7.7 

— 

16.8 

13.2 

— 

-- 

54 

69 

2.8 

5.4 

5.9 

RT230 

4.2 

1.2 

0.0 

.3 

5.7 

5.9 

— 

11.6 

9.6 

— 

— 

49 

59 

0.6 

5.0 

5.7 

RT230 

5.0 

1.2 

0.0 

.2 

6.4 

5.6 

— 

12.0 

9.5 

— 

— 

53 

67 

0.3 

5.0 

5.8 

RT230 

5.3 

1.2 

.1 

.2 

6.8 

5.7 

— 

12.5 

10.5 

— 

— 

54 

65 

0.3 

5.0 

5.8 

RT230 

5.3 

1.2 

TR 

.2 

6.7 

5.9 

— 

12.6 

10.5 

— 

— 

53 

64 

0.3 

5.0 

5.7 

RT230 

4.9 

1.6 

o 

o 

.2 

6.7 

6.3 

— 

13.0 

10.7 

— 

— 

52 

63 

0.3 

4.9 

5.7 

RT230 

4.8 

1.6 

TR 

.2 

6.6 

6.3 

— 

12.9 

11.5 

— 

— 

51 

57 

0.2 

4.9 

5.6 

RT230 

4.8 

1.2 

0.0 

.2 

6.2 

5.9 

— 

12.1 

11.4 

— 

— 

51 

54 

0.3 

4.9 

5.6 

RT230 

5.0 

1.6 

0.0 

.2 

6.8 

5.8 

— 

12.6 

10.6 

— 

— 

54 

64 

0.2 

4.8 

5.6 

RT230 

4.6 

2.0 

TR 

.2 

6.8 

6.3 

— 

13.1 

11.4 

— 

— 

52 

60 

0.2 

5.0 

5.6 

RT230 

4.6 

1.6 

.2 

.3 

6.7 

5.9 

— 

12.6 

11.3 

— 

— 

53 

59 

0.2 

4.9 

5.6 

RT230 

5.3 

1.6 

.1 

.3 

7.3 

5.6 

— 

12.9 

11.0 

— 

— 

57 

66 

0.2 

4.9 

5.6 

RT230 

5.1 

1.6 

.1 

.2 

7.0 

5.9 

— 

12.9 

10.5 

— 

— 

54 

67 

0.2 

4.9 

5.7 

RT230 

3.4 

1.6 

0.0 

.1 

5.1 

4.2 

— 

9.3 

8.3 

— 

— 

55 

61 

0.2 

4.9 

5.7 

RT230 

3.0 

1.2 

0.0 

.1 

4.3 

3.2 

-- 

7.5 

6.6 

-- 

— 

57 

65 

0.1 

5.0 

5.7 
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Ft.  Leonard  Wood  sample  data 


12-10-93 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


- - TOTAL . . SILT -  - - - SAND - - 

SAMPLE  *  DEPTH  DEPTH  HORIZON  CLAY  SILT  SAND  FINE  COARSE  VF  F  M  C  VC  >VF  TEXT 
cm  in  <  .002  .05  .002  .02  .05  .10  .25  .5  1  .10  CLASS 

.002  -.05  -2  -.02  -.05  -.10  -.25  -.50  -1  -2  -2 

- %  0f  <  2mm - 


RT310 

0-15 

0-6 

22.8 

73.4 

3.8 

43.3 

30.1 

3.0 

0.7 

0.1 

0.0 

0.0 

0.8 

SIL 

RT310 

15-25 

6-10 

22.1 

74.6 

3.3 

46.2 

28.5 

2.6 

0.6 

0.1 

0.0 

0.0 

0.7 

SIL 

RT310 

25-36 

10-14 

23.5 

74.2 

2.2 

48.4 

25.9 

1.7 

0.4 

0.1 

0.1 

0.0 

0.5 

SIL 

RT310 

36-46 

14-18 

20.3 

66.3 

13.3 

38.0 

28.3 

7.5 

5.0 

0.7 

0.2 

'0.0 

5.9 

SIL 

RT310 

46-56 

18-22 

16.9 

54.0 

29.1 

28.8 

25.2 

11.0 

15.8 

2.1 

0.2 

0.0 

18.1 

SIL 

RT310 

56-66 

22-26 

18.9 

50.6 

30.5 

26.0 

24.6 

16.9 

12.7 

0.7 

0.1 

0.0 

13.6 

SIL 

RT310 

66-76 

26-30 

8.1 

21.9 

69.9 

11.2 

10.8 

6.2 

52.2 

10.4 

1.1 

0.0 

63.8 

FSL 

RT310 

76-86 

30-34 

8.0 

22.3 

69.7 

13.1 

9.2 

8.0 

50.7 

10.0 

0.9 

0.0 

61.6 

FSL 

RI310 

86-94 

34-37 

16.3 

43.1 

40.6 

23.8 

19.3 

10.5 

27.8 

2.3 

0.2 

0.0 

30.2 

L 

RT310 

97-107 

38-42 

10.7 

19.4 

69.9 

11.2 

8.2 

7.1 

55.6 

6.8 

0.4 

0.0 

62.8 

FSL 

RT310 

114-124 

45-49 

14.7 

35.0 

50.4 

18.9 

16.0 

9.7 

36.2 

4.1 

0.4 

0.0 

40.6 

L 

RT310 

127-137 

50-54 

2.0 

4.8 

93.3 

2.1 

2.6 

4.4 

74.9 

13.5 

0.5 

0.0 

88.9 

FS 

RT310 

147-157 

58-62 

0.7 

1.8 

97.4 

0.6 

1.2 

0.6 

37.7 

46.0 

10.6 

2.5 

96.8 

S 

R11225 

- 

- 

21.2 

52.1 

26.6 

32.5 

19.7 

2.9 

7.7 

6.6 

4.1 

5.2 

23.7 

SIL 

R12 

- 

- 

12.9 

12.8 

74.2 

9.0 

3.9 

2.8 

10.0 

19.2 

19.7 

22.6 

71.4 

COSL 

SAMPLE  # 

NH40AC  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID¬ 

ITY 

EXTR 

A1 

SUM 

CATS 

— CEC* 

NH4 

OAc 

BASES 

+A1 

A1 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

—pH 

CaC12 

.Q1M 

H20 

RT310 

13.1 

3.5 

0.0 

.2 

16.8 

uic4/  luu  g 

4.8 

21.6 

16.3 

„ 

78 

100 

1.5 

6.3 

6.8 

RT310 

9.5 

3.2 

0.0 

.2 

12.9 

5.3 

— 

18.2 

15.2 

— 

— 

71 

85 

1.1 

6.1 

6.6 

RT310 

9.0 

3.5 

0.0 

.2 

12.7 

5.4 

— 

18.1 

15.3 

— 

— 

70 

83 

1.1 

6.2 

6.7 

RT310 

8.3 

3.2 

0.0 

.2 

11.8 

5.4 

— 

17.2 

14.2 

— 

— 

69 

83 

1.0 

6. O’ 

6.6 

RT310 

6.4 

2.4 

0.0 

.1 

8.8 

3.8 

— 

12.7 

11.1 

— 

— 

70 

80 

0.7 

6.1 

6.8 

RT310 

6.9 

2.7 

TR 

.2 

9.8 

4.0 

— 

13.8 

12.3 

— 

— 

71 

80 

0.7 

6.1 

6.8 

RT310 

3.2 

1.2 

0.0 

.1 

4.5 

2.4 

— 

6.9 

5.6 

— 

— 

65 

80 

0.3 

6.0 

6.7 

RT310 

3.0 

1.2 

0.0 

.1 

4.3 

2.7 

— 

7.0 

5.9 

— 

— 

61 

73 

0.4 

6.0 

6.7 

RT310 

7.5 

2.8 

.1 

.2 

10.6 

3.5 

— 

14.1 

10.3 

— 

-- 

75 

100 

0.7 

6.0 

6.7 

RT310 

4.5 

1.6 

TR 

.2 

6.3 

2.6 

— 

8.8 

7.0 

— 

— 

71 

90 

0.4 

6.1 

6.7 

RT310 

6.5 

2.0 

TR 

.2 

8.7 

3.6 

— 

12.3 

10.2 

— 

— 

71 

85 

0.8 

6.1 

6.6 

RT310 

1.2 

.4 

0.0 

TR 

1.6 

1.1 

— 

2.7 

1.9 

— 

— 

59 

84 

TR 

5.7 

6.6 

RT310 

.7 

.4 

0.0 

TR 

1.1 

1.0 

— 

2.1 

1.4 

— 

— 

52 

79 

0.1 

5.6 

6.5 

R11225 

4.3 

2.0 

TR 

.2 

6.5 

4.7 

— 

11.2 

9.7 

— 

— 

58 

67 

0.3 

5.4 

6.1 

R12  4ms*/ 

2.9 

1.2 

TR 

.2 

4.3 

2.5 

— 

6.8 

5.9 

— 

— 

63 

73 

0.1 

5.4 

6.2 
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Appendix  B  Soil  Laboratory  Data 


FLW-1 


FLW  HH  T3  85* 

0-4 

;  560: 

6 

1 

FLW  HH  T3  85' 

4  -  6 

1  '  5071 

0 

0 

FLW  HH  T3  85' 

6  -  7 

!  3131 

6 

0 

FLW  HH  T3  85' 

7  -  12 

!  75 1 ! 

2 

0 

FLW  HH  T3  85' 

12  -  14 

!  327; 

1 

0 

FLW  HH  T3  85' 

18-22 

!  597; 

1  0 

2 

FLW  HH  T3  85' 

29-33 

i  496: 

0 

0 

FLW  HH  T3  85' 

36-37 

!  73: 

0 

0 

FLW  HH  T3  85' 

37-39 

9  9! 

0 

0 

FLW  HH  T3  85' 

39-41 

239 

_ o_ 

0 

FLW  HH  T3  85’ 

46-50 

i  475 

1 

0 

FLW  HH  T3  85’ 

57-60 

574 

0 

0 

FLW  HH  T3  85' 

60-65 

!  310 

0 

0 

FLW  HH  T3  85' 

65-67 

141 

0 

0 

FLW  HH  T3  85’ 

67-72 

224 

2 

1 

i 

FLW  HH  14' 

0-2 

97 

2 

2 

FLW  HH  14' 

3  -  7 

121 

1 

1 

FLW  HH  14' 

7  -  13 

343 

2  I 

1 

FLW  HH  14' 

13-18 

218 

9 ' 

4 

FLW  HH  14' 

18-22 

163 

3! 

2 

FLW  HH  14' 

22-26 

1  74 

oi 

0 

FLW  HH  14' 

26-30 

210 

o' 

0 

FLW  HH  14' 

30-34 

214 

0; 

0 

FLW  HH  14' 

34-38 

1  96 

0| 

0 

FLW  HH  14' 

38-42? 

200- 

oT 

0 

FLW  HH  14' 

42-46 

.  199 

1 

1 

FLW  HH  14' 

46-50 

167 

0; 

0 

i 

FLW  HH  T2  40' 

0-3 

465 

0! 

0 

FLW  HH  T2  40' 

3  -  6 

539 

1  ! 

0 

FLW  HH  T2  40' 

6  -  10 

530 

16j 

3 

FLW  HH  T2  40' 

10  -  14 

487 

■  32: 

7 

FLW  HH  12  40'  j 

14-16 

173 

0: 

0 

FLW  HH  12  40'  ' 

16-21 

348 

4; 

1 

FLW  HH  12  40'  i 

21-27 

710 

3 

0 

FLW  HH  12  40' 

27-30 

893 

l! 

0 

FLW  HH  12  40' 

30-34 

610 

4  ' 

1 

FLW  HH  12  40' 

34-37 

i  414 

1 

0 

FLW  HH  12  40' 

38-40 

238. 

0 

0 

FLW  HH  12  40’ 

48-50 

332 

0 

0 

FLW  HH  12  40' 

51-57 

352 

0! 

0 

FLW  HH  12  40'  1 

57-62 

342 

0! 

0 

FLW  HH  12  40'  | 

62-68 

278 

0: 

0 

;  i  ; 

i  ’  1 

Page  2 


B16 


Appendix  B  Soil  Laboratory  Data 


FLW-1 


FLW  RT 1  130’ 

1  -  5 

:  647;  . 

3 

0 

FLW  RT  1  130’ 

5  -  9 

!  649! 

1 

0 

FLW  RT  1  130' 

12  -  1( 

5  I  739' 

21 

3 

FLW  RT  1  130' 

16-20 

:  716' 

1 

0 

FLW  RT1  130’ 

21-25 

1  709! 

1 

0 

FLW  RT  1  130’ 

743: 

0 

0 

FLW  RT  1  130’ 

33EE 

693i 

0 

0 

FLW  RT1  130’ 

33-37 

695i 

0 

0 

FLW  RT  1  130’ 

37-41 

606  0 

0 

FLW  RT1  130’ 

41-45 

633! 

1 

0 

FLW  RT1  130’ 

45-49 

I  6501 

3 

0 

FLW  RT  1  130' 

50-53 

610: 

75 

1  2 

FLW  RT1  130' 

56-60 

i  658: 

521 

79 

FLW  RT2  30' 

0-2 

362 

0 

0 

FLW  RT2  30* 

4  -  8 

508 

0 

0 

FLW  RT2  30* 

8  -  12 

598 

0 

0 

FLW  RT2  30' 

12  -  If 

585 

0 

0 

FLW  RT2  30* 

15-19 

613 

0 

0 

FLW  RT2  30’ 

19-23 

528: 

0: 

0 

FLW  RT2  30'  1 

23-27 

56  8 : 

O' 

0 

FLW  RT2  30* 

32-36 

614 

0: 

0 

FLW  RT2  30' 

36-40 

592 

0: 

0 

FLW  RT2  30' 

40-44 

668 

0; 

0 

FLW  RT2  30' 

44-48 

559 

0! 

0 

FLW  RT2  30' 

50-54 

612 

o' 

0 

FLW  RT2  30' 

54-58 

621 

0: 

0 

FLW  RT2  301 

58-62 

767 

591 1 

77 

FLW  RT2  30' 

68-72 

906 

782! 

86 

:  1 

FLW  RT3  10' 

0-6 

471 

O’ 

0 

FLW  RT3  10' 

6  -  10 

365 

0| 

0 

FLWRT3  10' 

10  -  14 

302 ' 

0: 

0 

FLWRT3  10*  ; 

14-18 

251 

0: 

0 

FLW  RT3  10' 

18-22 

272 

o: 

0 

FLW  RT3  10' 

22-26 

361 

0 

0 

FLW  RT3  10’ 

26-30 

496 

0: 

0 

FLW  RT3  10* 

30-34 

391 : 

0, 

0 

FLW  RT3  10' 

34-37 

235: 

0‘ 

*  0 

FLW  RT3  10' 

38-42 

386! 

0, 

0 

FLWRT3  10* 

45-49 

344 

0j 

0 

FLW  RT3  10' 

50-54 

474: 

0; 

0 

FLW  RT3  10' 

58-62 

454 

7  2; 

1  6 

FLW  R12  Gravel 

? 

1192' 

733: 

61 

FLW  R1  1  225' 

9 

859: 

344! 

40 
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Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sample  data  1-18-94  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 

*// ,  ? _ _ _ 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON  CLAY 
< 

.002 

-TOTAL 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

VF 

.05 

-.10 

. —SAND- 

F  M  C 

.10  .25  .5 

-.25  -.50  -1 

VC 

1 

-2 

1  •  V  1 
NH<  1 

o-d  i 

TEXT 

CLASS 

'0  UI  s 

URT135 

0-13 

0-5 

11.8 

49.1 

39.1 

29.7 

19.4 

3.2 

18.0 

11.5 

4.3 

2.1 

35.9 

L 

URT135 

13-23 

5-9 

35.4 

49.5 

15.1 

36.9 

12.6 

1.4 

6.6 

4.4 

1.7 

1.1 

13.7 

SICL 

URT135 

23-33 

9-13 

35.5 

49.4 

15.1 

35.8 

13.6 

1.4 

7.7 

3.8 

1.6 

0.6 

13.7 

SICL 

URT135 

33-41 

13-16 

34.6 

46 . 6 

18.8 

33.9 

12.8 

1.5 

7.8 

5.0 

2.2 

2.4 

17.3 

SICL 

URT135 

41-48 

16-19 

31.4 

44.2 

24.5 

31.7 

12.5 

1.8 

10.8 

6.9 

2.7 

2.3 

22.7 

CL 

URT135 

48-56 

19-22 

27.9 

43.9 

28.2 

32.4 

11.4 

1.9 

12.3 

9.1 

3.3 

1.5 

26.3 

CL 

URT135 

56-66 

22-26 

30.2 

43.0 

26.7 

30.9 

12.2 

1.9 

12.4 

8.3 

3.1 

1.1 

24.9 

CL 

URT135 

66-76 

26-30 

27.7 

40.4 

31.9 

28.7 

11.7 

2.0 

13.1 

10.4 

3.8 

2.5 

29.9 

CL 

URT135 

76-86 

30-34 

25.8 

36.1 

38.1 

25.8 

10.2 

2.0 

15.0 

13.0 

4.9 

3.3 

36.1 

L 

URT135 

86-94 

34-37 

20.4 

31.6 

48.0 

22.1 

9.6 

2.4 

16.4 

13.7 

5.6 

10.0 

45 . 6 

L 

URT135 

94-102 

37-40 

23.5 

32.2 

44.3 

23.2 

9.1 

2.5 

16.7 

11.7 

4.7 

8.7 

41.8 

L 

URT135 

102-112 

40-44 

17.7 

27.1 

55.2 

20.2 

6.8 

2.2 

17.7 

17.4 

8.5 

9.5 

53.0 

MSL 

URT135 

112-122 

44-48 

15.7 

24.8 

59.5 

17.6 

7.2 

2.7 

22.7 

20.8 

8.0 

5.3 

56.8 

MSL 

URT135 

122-130 

48-51 

23.7 

39.3 

37.0 

28.9 

10.4 

2.1 

15.8 

12.6 

4.8 

1.7 

34.9 

L 

URT135 

130-137 

51-54 

28.5 

32.5 

39.0 

21.9 

10.6 

2.3 

17.4 

13.2 

4.7 

1.3 

36.7 

CL 

URT180 

91-102 

36-40 

23.7 

30.3 

41.1 

21.2 

9.0 

2.0 

13.0 

11.6 

6.0 

8.4 

39.0 

CL 

URT180 

102-112 

40-44 

27.9 

30.3 

41.8 

21.0 

9.3 

2.2 

15.4 

11.1 

5.1 

8.0 

39.6 

CL 

URT180 

112-122 

44-48 

23.9 

28.7 

47.4 

19.3 

9.4 

2.0 

14.2 

13.7 

7.2 

10.3 

45.4 

L 
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Appendix  B  Soil  Laboratory  Data 


SAMPLE  #  NH40Ac  EXTRACTABLE  BASES  ACID-  EXTR 


Ca 

Mo 
*  *=> 

Na 

K 

SUM 

BASES 

ITY 

A1 

URT135 

2.6 

1.2 

.1 

.2 

4.1 

5.2 

.4 

URTI35 

5.5 

4.7 

TR 

.3 

10.5 

8.8 

.3 

URT135 

5.5 

5.9 

.1 

.3 

11.8 

9.6 

1.0 

URT135 

5.3 

6.0 

TR 

.4 

11.7 

9.6 

1.1 

URT135 

4.6 

5.2 

.2 

.3 

10.3 

7.6 

1.0 

URT135 

4.3 

5.5 

.1 

.3 

10.2 

7.0 

.8 

URT135 

4.7 

5.8 

.1 

.3 

10.9 

6.8 

.7 

URT135 

4.8 

5.9 

.1 

.3 

11.1 

6.4 

.6 

URT135 

4.3 

5.5 

.1 

.3 

10.2 

5.4 

.5 

URT135 

3.3 

3.9 

.1 

.2 

7.5 

3.2 

.2 

URT135 

3.6 

4.0 

.1 

.2 

7.9 

3.6 

.1 

URT135 

2.4 

2.4 

.1 

.1 

5.0 

2.2 

0.0 

URT135 

2.2 

2.0 

.1 

.1 

4.4 

1.8 

0.0 

URT135 

2.6 

2.4 

.1 

.1 

5.2 

1.7 

0.0 

URT135 

3.9 

3.6 

.1 

.3 

7.9 

2.5 

.1 

URT180 

4.1 

5.5 

.1 

.2 

9.8 

5.5 

— 

URT180 

4.1 

4.4 

.1 

.3 

8.8 

4.7 

— 

URT180 

3.8 

4.3 

.1 

.2 

8.3 

4.3 

__ 

- CEC -  A1  BASE  SAT  ORG  —pH - 

SAT  C 

SUM  NH4  BASES  SUM  NH4  CaC12  H20 


CATS 

OAc 

+A1 

OAc 
.<v _ 

.01M 

9.3 

8.0 

4.5 

9 

44 

51 

0.8 

4.8 

5.3 

19.4 

18.1 

10.8 

3 

54 

58 

0.3 

4.8 

5.4 

21.4 

19.5 

12.8 

8 

55 

61 

0.3 

4.8 

5.4 

21.3 

19.4 

12.8 

9 

55 

60 

0.3 

4.9 

5.4 

17.9 

17.2 

11.3 

9 

58 

60 

0.2 

4.9 

5.5 

17.2 

16.6 

11.0 

7 

59 

61 

0.2 

4.8 

5.6 

17.7 

17.1 

11.6 

6 

62 

64 

0.2 

4.9 

5.5 

17.5 

16.3 

11.7 

5 

63 

68 

0.2 

5.0 

5.6 

15.6 

15.1 

10.7 

5 

65 

68 

0.1 

5.0 

5.6 

10.7 

10.5 

7.7 

3 

70 

71 

0.1 

5.1 

5.8 

11.5 

11.2 

8.0 

1 

69 

71 

0.1 

5.2 

6.0 

7.2 

6.8 

5.0 

0 

69 

74 

0.1 

5.3 

6.1 

6.2 

6.1 

4.4 

0 

71 

72 

TR 

5.3 

6.2 

6.9 

6.9 

5.2 

0 

75 

75 

0.1 

5.4 

6.2 

10.4 

10.6 

8.0 

1 

76 

75 

0.1 

5.6 

6.3 

15.4 

13.4 

— 

— 

64 

74 

0.1 

5.2 

6.0 

13.6 

12.5 

- 

— 

65 

71 

0.1 

5.2 

6.0 

12.7 

12.0 

-- 

-- 

66 

70 

0.1 

5.4 

5.8 

Big 


Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sample  data 

lAslf fc+S  /d _ 


1-18-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 


DEPTH  DEPTH 
cn  in 


- TOTAL - 

CLAY  SILT  SAND 
<  .002  .05 

.002  -.05  -2 


—SILT . — 

FINE  COARSE  VF 
.002  .02  .05 

-.02  -.05  -.10 

- %  of  <  2mm — 


• . -SAND . 

F  M  C  VC  >VF  TEXT 

.10  .25  .5  1  .10  CLASS 

-.25  -.50  -1  -2  -2 


URT195  0-13  0-5  10.8  55.2  34.1  30.3  24.9  2.4  13.8  9.8  4.6  3.5  31.6  SIL 

URXX9S  13-23  5-9  26.7  54.2  19.2  35.5  18.6  1.4  7.2  5.2  2.9  2.5  17.8  SIL 

URT195  23-38  9-15  44.0  41.8  14.2  28.2  13.7  1.0  5.9  4.5  1.9  1.0  13.2  SIC 

URT195  38-51  15-20  41.9  42.1  16.1  28.8  13.3  1.0  6.7  5.3  2.2  0.3  15.0  SIC 

URT195  51-51  20-24  36.1  47.3  16.6  31.1  16.2  1.2  7.2  5.2  2.1  0.3  15.4  SICL 

URT195  61-74  24-29  37.1  40.9  22.0  28.2  12.7  1.5  10.1  7.6  2.3  0.4  20.5  CL 

URT195  74-84  29-33  31.2  35.2  33.7  23.6  11.5  1.8  14.1  12.1  4.5  1.1  31.8  CL 

URT195  84-94  33-37  28.9  32.0  39.0  20.9  11.2  2.0  15.1  13.6  5.9  2.5  37.0  CL 

URT195  94-104  37-41  28.3  30.7  41.0  19.2  11.5  2.2  16.0  13.7  6.2  3.0  38.8  CL 

URT195  104-117  41-46  26.6  30.1  43.4  18.9  11.2  2.6  17.3  14.7  6.2  2.6  40.8  L 

URT195  117-127  46-50  27.7  29.7  42.5  13.4  11.4  2.6  17.0  13.5  6.1  3.2  39.9  CL 


SAMPLE  #  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  A1  BASE  SAT  ORG  —pH - 

ITY  Al  SAT  C 

Ca  Ms  Na  K  SUM  SUM  NH4  BASES  SUM  NHL  CaC12  H20 

BASES  CATS  OAc  +A1  OAc  .01M 

- - - meq/100  g -  - % - 

URT195  2.1  1.2  TR  .1  3.4  5.5  .3  8.8  8.1  3.7  8  38  42  0.9  4.7  5.4 

URT195  4.5  4.3  TR  .2  9.0  6.3  .5  15.3  14.6  9.5  5  59  62  0.4  5.0  5.6 

URT195  7.3  8.2  .2  .4  16.1  11.0  1.8  27.1  24.5  17.9  10  59  66  0.3  4.7  5.3 

URT195  7.0  8.0  .1  .4  15.5  10.8  1.8  26.3  23.5  17.3  10  59  66  0.3  4.7.  5.0 

URT195  5.8  7.3  .1  .3  13.5  9.2  1.4  22.7  21.0  14.9  9  59  64  0.2  4.7  5.2 

URT195  6.1  7.5  .2  .3  14.1  8.1  1.3  22.2  21.2  15.4  8  64  67  0.2  4.7  5.3 

URT195  5.0  5.9  .1  .3  11.3  6.6  .6  17.9  16.9  11.9  5  63  67  0.2  5.1  5.6 

URT195  4.7  5.4  .1  .2  10.4  5.5  .3  15.9  15.6  10.7  3  65  67  0.1  5.4  5.9 

URT195  4.6  5.1  .1  .2  10.0  4.6  .2  14.6  13.8  10.2  2  68  72  0.1  5.5  5.9 

URT195  4.5  4.7  .1  .2  9.5  4.8  .2  14.3  13.9  9.7  2  66  68  0.1  5.6  6.2 

URT195  4.7  '4.7  .1  .2  9.7  4.8  0.0  14.5  13.6  9.7  0  67  71  0.2  5.9  6.4 
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Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sample  data 


1-18-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


// 

- TOTAL -  —SILT -  - SAND' 


SAMPLE 

#  DEPTH  DEPTH 

cn  in 

HORIZON  CLAY 
< 

.002 

'  SILT 
.002 
-.05 

'  SAND 
.05 

-2 

FINE 

.002 

-.02 

COARSE  VF 
.02  .05 

-.05  -.10 

0/  s  . 

F  M  C 

.10  .25  .5 

-.25  -.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

URT210 

0-10 

0-4 

11.2 

46.6 

42.2 

27.7 

18.9 

2.7 

17.4 

13.0 

5.5 

3.5 

39.4 

L 

URT210 

10-13 

4-7 

11.5 

46 . 4 

42.1 

26.7 

19.6 

2.7 

17.6 

13.5 

5.7 

2.6 

39.4 

L 

URT210 

18-30 

7-12 

18.6 

46.5 

34.9 

30.1 

16.4 

2.6 

15.0 

10.3 

4.2 

2.2 

32.3 

L 

URT210 

30-38 

12-15 

34.4 

41.1 

24.5 

26.1 

15.0 

2.3 

11.0 

8.0 

2.5 

0.7 

22.2 

CL 

URT210 

38-56 

15-22 

36.0 

40.8 

23.2 

25.7 

15.1 

2.4 

10.5 

7.3 

2.6 

0.4 

20.7 

CL 

URT210 

56-69 

22-27 

27.5 

45.9 

26.6 

23.6 

17.3 

3.1 

12.6 

8.1 

2.5 

0.3 

23.5 

CL 

URT210 

69-81 

27-32 

26.1 

47.8 

26.1 

29.5 

18.3 

3.4 

12.8 

7.4 

2.2 

0.3 

22.8 

L 

URX210 

81-94 

32-37 

23.8 

46.7 

29.5 

28.7 

18.0 

3.6 

12.3 

8.6 

3.4 

1.1 

25.9 

L 

URT210 

94-104 

37-41 

22.8 

49.1 

28.1 

29.4 

19.8 

3.8 

12.3 

7.7 

3.1 

1.2 

24.3 

L 

URT210 

104-112 

41-44 

19.4 

49.0 

31.6 

28.9 

20.1 

4.1 

13.2 

8.4 

3.8 

2.1 

27.5 

L 

URT210 

112-119 

44-47 

18.6 

48.0 

33.4 

28.3 

19.7 

4.2 

12.4 

7.2 

4.5 

5.1 

29.2 

L 

URT210 

119-137 

47-54 

24.2 

41.7 

34.0 

26.5 

15.3 

2.8 

5.6 

4.0 

6.0 

15.6 

31.3 

L 

URT250 

0-15 

0-6 

9.2 

51.7 

39.1 

32.0 

19.7 

3.2 

16.0 

12.0 

5.0 

2.9 

35.9 

SIL 

URT250 

15-30 

6-12 

18.3 

52.2 

29.6 

33.9 

18.3 

2.7 

11.9 

8.6 

3.8 

2.6 

26.9 

SIL 

URT2S0 

30-41 

12-16 

29.4 

46 . 0 

24.6 

31.1 

14.9 

2.5 

9.9 

7.5 

3.1 

1.5 

22.1 

CL 

URT250 

41-51 

16-20 

40.1 

39.6 

20.3 

25.8 

13.8 

2.2 

8.2 

6.1 

2.7 

1.1 

18.2 

C 

URT250 

51-61 

20-24 

56.1 

25.2 

18.7 

14.4 

10.8 

1.3 

4.0 

2.8 

2.4 

8.2 

17.4 

C 

URT250 

61-76 

24-30 

23.1 

36.1 

40.7 

23.0 

13.1 

1.6 

2.8 

2.4 

7.5 

26.4 

39.2 

L 

URT250 

76-91 

30-36 

27.4 

31.3 

41.3 

19.8 

11.5 

1.4 

3.1 

4.3 

10.9 

21.6 

39.9 

CL 

URT250 

91-102 

36-40 

28.2 

22.9 

48.9 

14.2 

8.7 

1.0 

4.1 

7.8 

14.2 

21.9 

47.9 

SCI 

URT250 

102-112 

40-44 

32.5 

5.6 

61.9 

3.2 

2.3 

1.1 

9.3 

16.8 

16.6 

18.1 

60.8 

SCL 
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SAMPLE  # 

NH40AC  EXTRACTABLE 

Ca  Mg  Na  K 

BASES 

SUM 

BASES 

ACID-  EXTR 
ITY  A1 

SUM 

CATS 

— CEC- 

NH4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE 

SUM 

SAT 

NH4 
OAc 
% - 

ORG 

C 

— pH— “ 

CaC12  H20 
.OLM 

URT210 

2.4 

1.2 

TR 

.1 

3.7 

--meq/iuu  g-- 

5.9  .5 

9.6 

8.5 

4.2 

12 

39 

44 

1.0 

4.7 

5.3 

URX210 

1.9 

1.2 

TR 

.1 

3.2 

6.0 

.6 

9.2 

8.0 

3.8 

16 

35 

40 

0.6 

4.6 

5.3 

URT210 

3.8 

2.4 

TR 

.2 

6.4 

6.7 

.7 

13.1 

11.2 

7.1 

10 

49 

57 

0.6 

4.7 

5.2 

URT210 

5.6 

5.4 

.1 

.2 

11.3 

9.5 

1.6 

20.8 

18.0 

12.9 

12 

54 

63 

0.3 

4.7 

5.2 

UHI210 

5.6 

5.4 

.1 

.2 

11.3 

9.8 

2.0 

21.1 

18.8 

13.3 

15 

54 

60 

0.3 

4.6 

5.2 

URT210 

3.2 

3.4 

.1 

.1 

6.8 

6.7 

1.3 

13.5 

12.3 

8.1 

16 

50 

55 

0.1 

4 .  o 

5.3 

URT210 

3.5 

3.5 

.1 

.1 

7.2 

6.5 

.8 

13.7 

12.3 

8.0 

10 

53 

59 

0.2 

5.0 

5.6 

URI210 

3.3 

3.5 

.1 

.1 

7.0 

5.8 

.  6 

12.8 

12.5 

7.6 

8 

55 

56 

0.2 

4.9 

5.6 

URI210 

3.1 

3.2 

.1 

.1 

6.5 

4.9 

.4 

11.4 

11.0 

6.9 

6 

57 

59 

0.1 

5.0 

5.7 

URT210 

2.4 

2.4 

.1 

.1 

5.0 

4.4 

.3 

9.3 

9.0 

5.3 

6 

53 

56 

0.1 

5.0 

5.7 

URX210 

2.6 

2.7 

.1 

.1 

5.5 

5.1 

.2 

10.6 

8.8 

5.7 

4 

52 

62 

0.1 

5.0 

5.8 

URT210 

3.0 

2.7 

.2 

.2 

6.1 

5.5 

.1 

11.6 

11.3 

6.2 

2 

53 

54 

0.1 

5.5 

6.3 

URT250 

1.7 

3.1 

TR 

.1 

4.9 

5.5 

.4 

10.4 

7.4 

5.3 

8 

47 

66 

0.8 

4.8 

5.5 

URT250 

2.6 

6.3 

TR 

.1 

9.0 

5.9 

.5 

14.9 

10.2 

9.5 

5 

60 

88 

0.3 

5.2 

5.7 

URT250 

4.0 

3.5 

.1 

.2 

7.8 

8.3 

1.1 

16.1 

14.6 

8.3 

12 

48 

53 

0.4 

4.8 

5.4 

URT250 

5.2 

5.1 

.1 

.2 

10.6 

10.9 

1.7 

21.5 

18.1 

12.3 

14 

49 

59 

0.5 

4.6 

5.3 

URT250 

7.0 

7.3 

.2 

.3 

14.8 

16.9 

5.4 

31.7 

28.3 

20.2 

27 

47 

52 

0.5 

4.4 

5.1 

URT250 

2.9 

2.7 

.1 

.1 

5.8 

7.4 

1.5 

13.2 

11.8 

7.3 

21 

44 

49 

0.1 

4 . 6 

5.5 

URT250 

2.8 

3.1 

.1 

.1 

6.1 

7.6 

1.2 

13.7 

12.3 

7.3 

16 

45 

50 

0.1 

4.9 

5.7 

URT250 

3.0 

3.1 

.1 

.1 

6.3 

6.6 

1.1 

12.9 

11.9 

7.4 

15 

49 

53 

0.1 

4.7 

5.5 

URT250 

4.4 

4.6 

.2 

.2 

9.3 

6.6 

.6 

16.0 

14.9 

10.0 

6 

59 

63 

0.1 

4.9 

5.6 
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Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sample  data 

_ f  _ 


1-20-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


■TOTAL -  —SILT -  - SAND' 


SAMPLE  $ 

DEPTH 

cm 

:  DEPTH 
in 

HORIZON  CLAY 
< 

.002 

SILT 

.002 

-.05 

SAND 

.05 

-2 

FINE 

.002 

-.02 

COARSE  VF 
.02  .05 

-.05  -.10 

F  M  C 

.10  .25  .5 

-.25  -.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TECT 

CLASS 

URT2140 

0-2C 

0-8 

14.7 

55.9 

29.4 

34.7 

21.3 

3.6 

13.6 

7.0 

3.5 

1.7 

25.3 

SIL 

URT2140 

20-41 

8-16 

32.1 

47.3 

20.6 

31.7 

15.5 

2.9 

9.6 

5.0 

2.5 

0.7 

17.7 

CL 

URT2140 

41-61 

16-24 

24.3 

50.7 

25.0 

31.1 

19.6 

3.4 

11.2 

5.7 

3.1 

1.7 

21.6 

SIL 

URT2140 

61-76 

24-30 

24.0 

49.4 

26.6 

30.3 

19.1 

3.6 

11.9 

6.1 

3.5 

1.6 

23.1 

L 

URT2140 

76-91 

30-36 

20.1 

48.6 

31.2 

29.5 

19.2 

4.0 

13.0 

6.9 

4.1 

3.2 

27.2 

L 

URI2140 

91-112 

36-44 

21.0 

44.5 

34.6 

27.3 

17.2 

3.7 

12.3 

6.5 

4.4 

7.8 

30.9 

L 

URT2140 

112-122 

44-48 

38.3 

25.5 

36.2 

15.6 

9.9 

3.3 

14.7 

9.4 

5.4 

3.5 

32.9 

CL 

URT2140 

122-137 

48-54 

27.5 

29.1 

43.4 

16.4 

12.7 

3.7 

16.5 

11.0 

7.0 

5.2 

39.7 

CL 

URT330 

0-15 

0-6 

14.2 

55.5 

30.3 

31.0 

24.5 

5.6 

15.1 

5.6 

2.6 

1.3 

24.7 

SIL 

URI330 

15-36 

6-14 

23.7 

54.8 

21.6 

33.3 

21.5 

4.4 

9.6 

3.5 

2.4 

1.7 

17.2 

SIL 

UET330 

36-46 

14-18 

30.2 

45.7 

24.1 

27.7 

18.0 

4.1 

8.6 

3.7 

4.0 

3.7 

20.0 

CL 

URT330 

46-56 

18-22 

32.9 

43.8 

23.3 

25.8 

18.1 

3.7 

8.5 

4.2 

4.1 

2.8 

19.7 

CL 

URT330 

56-66 

22-26 

36.0 

43.6 

20.5 

25.7 

17.9 

3.0 

6.9 

4.3 

4.4 

1.9 

17.4 

CL 

URT330 

66-76 

26-30 

34.4 

36.0 

29.6 

22.1 

13.9 

2.4 

6.3 

5.5 

7.2 

8.1 

27.1 

CL 

URT330 

76-91 

30-36 

33.7 

38.6 

27.7 

24.6 

14.0 

2.2 

6.6 

6.7 

7.4 

4.8 

25.5 

CL 

URI330 

91-107 

36-42 

13.3 

30.9 

55.8 

21.3 

9.6 

1.7 

10.1 

10.8 

14.0 

19.1 

54.0 

COSL 

URT330 

107-122 

42-48 

18.2 

26.3 

55.5 

15.8 

10.5 

2.7 

15.1 

13.7 

11.9 

12.1 

52.8 

MSL 

URT330 

122-137 

48-54 

23.0 

33.4 

43.6 

19.7 

13.7 

3.8 

16.0 

11.5 

7.3 

5.0 

39.9 

L 

URT330 

137-152 

54-60 

19.0 

24.1 

56.9 

15.9 

8.2 

1.8 

10.2 

11.6 

13.6 

19.6 

55.1 

COSL 

URT330 

152-173 

60-68 

10.3 

9.4 

80.4 

6.2 

3.2 

0.5 

4.9 

12.8 

27.2 

35.0 

79.9 

LCOS 
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SAMPLE  & 

NH40AC  EXTRACTABLE 

Ca  Mg  Na  K 

BASES 

SUM 

BASES 

ACID¬ 

ITY 

EXTR 

A1 

SUM 

CATS 

--CEC - 

NH4  BASES 
OAc  +A1 

Al 

SAT 

BASE 

SUM 

•  SAT 

NH4 
OAc 
.% - 

ORG 

C 

— pH- 

CaC12 

.01M 

H20 

-meq/ iuu  g 

URT2140 

3.1 

1.2 

TR 

.2 

4.5 

7.4 

.1 

11.9 

9.8 

4.6 

2 

38 

45 

1.0 

5.4 

6.2 

URT2140 

6.7 

2.7 

.1 

.3 

9.3 

8.1 

.4 

17.9 

16.8 

10.2 

4 

55 

58 

0.3 

5.2 

5.9 

URT2140 

2.6 

1.2 

.1 

.1 

4.0 

8.7 

2.7 

12.7 

10.9 

6.7 

40 

31 

37 

0.1 

4.3 

5.3 

URT2140 

1.0 

.8 

.1 

.1 

2.0 

9.7 

4.5 

11.7 

11.1 

6.5 

69 

17 

18 

0.1 

4.1 

5.2 

URT2140 

.5 

.8 

.1 

.1 

1.5 

8.1 

4.0 

9.6 

8.7 

5.5 

73 

16 

17 

0.1 

4.0 

5.1 

URT2140 

1.0 

.8 

.1 

.1 

2.0 

7.7 

3.4 

9.7 

9.3 

5.4 

63 

21 

22 

0.1 

4.1 

5.1 

URT2140 

3.6 

3.5 

.4 

.2 

7.7 

12.4 

5.5 

20.1 

19.3 

13.2 

42 

38 

40 

0.1 

4.2 

4.7 

URT2140 

2.9 

2.8 

.3 

.1 

6.1 

8.6 

3.5 

14.7 

13.8 

9.6 

36 

41 

44 

0.1 

4.2 

4 .  S 

URT330 

2.4 

.4 

TR 

.2 

3.0 

5.3 

.2 

8.3 

7.1 

3.2 

6 

36 

42 

0.6 

5.3 

5.9 

URT330 

4.1 

.8 

0.0 

.2 

5.1 

5.8 

.1 

10.9 

10.0 

5.2 

2 

'47 

51 

0.3 

5.0 

5.7 

URT330 

6.3 

2.0 

TR 

.3 

8.6 

6.3 

.2 

14.9 

12.7 

8.8 

2 

58 

68 

0.2 

5.0 

5.7 

URT330 

7.3 

2.3 

TR 

.3 

9.8 

6.1 

.2 

16.0 

14.1 

10.1 

2 

62 

70 

0.2 

5.0 

5.6 

URT330 

7.5 

2.8 

TR 

.4 

10.7 

7.9 

1.0 

18.6 

15.9 

11.7 

9 

58 

67 

0.1 

4.7 

5.3 

URX330 

5.9 

2.4 

TR 

.4 

8.7 

8.8 

2.2 

17.6 

16.4 

10.9 

20 

49 

53 

0.1 

4.5 

5.1 

URI330 

5.1 

2.0 

TR 

.3 

7.4 

9.6 

3.8 

17.0 

15.7 

11.2 

34 

44 

47 

0.1 

4.2 

4.7 

URT330 

1.7 

.8 

.1 

.1 

2.7 

3.5 

1.2 

6.2 

5.4 

3.9 

31 

44 

50 

0.1 

4.2 

4.8 

URT330 

1.9 

.8 

TR 

.2 

2.9 

5.3 

1.6 

8.2 

7.3 

4.5 

36 

35 

40 

0.1 

4.3 

5.0 

URT330 

2.4 

1.2 

TR 

.2 

3.8 

6.0 

2.1 

9.8 

9.2 

5.9 

36 

39 

41 

0.1 

4.3 

4.9 

URX330 

2.2 

.8 

0.0 

.2 

3.2 

5.0 

1.4 

8.2 

7.5 

4.6 

30 

39 

43 

0.1 

4. .3 

5.0 

URT330 

2.0 

.8 

0.0 

.1 

2.9 

3.1 

.4 

6.0 

5.6 

3.3 

12 

48 

52 

0.1 

4.5 

5.1 

B24 


Appendix  B  Soil  Laboratory  Data 


I 


Ft.  Leonard  Wood  sample  data  1-18-94  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 

f/±  s'  3 


SAMPLE  # 

DEPTH 

DEPTH  HORIZON 

CLAY 

-TOTAL - 
SILT 

SAND 

—SILT - 

FINE  COARSE 

VF 

F 

- SA 
M 

ND — 
C 

VC 

>VF 

TEXT 

cm 

in 

< 

.002 

.05 

.002  .02 

.05 

.10 

.25 

.5 

1 

.10 

CLASS 

.002 

-.05 

-2 

-.02  -.05  - 

.10 

-.25 

-.50 

-1 

-2 

-2 

■X  of  <  2mm- 


URT380 

0-10 

0-4 

11.8 

52.0 

36.3 

27.9 

24.1 

6.7 

17.9 

6.7 

3.3 

1.7 

29.5 

SIL 

URT380 

10-20 

4-8 

16.4 

54.8 

28.8 

31.8 

23.0 

5.9 

14.2 

5.3 

2.4 

0.9 

22.9 

SIL 

URT380 

20-30 

8-12 

20.1 

54.8 

25.1 

32.3 

22.5 

5.6 

12.5 

4.2 

1.9 

0.9 

19.5 

SIL 

URT380 

30-46 

12-18 

26.2 

50.6 

23.2 

29.5 

21.1 

5.4 

11.4 

3.6 

1.8 

1.1 

17.8 

SIL 

URT380 

46-56 

18-22 

23.9 

51.9 

24.2 

29.2 

22.7 

6.1 

11.7 

3.4 

1.8 

1.1 

18.0 

SIL 

URT380 

56-66 

22-26 

22.4 

52.6 

24.9 

29.0 

23.7 

6.5 

12.6 

3.4 

1.5 

1.0 

18.5 

SIL 

URT380 

66-76 

26-30 

22.4 

53.1 

24.5 

30.1 

23.0 

6.8 

12.4 

3*1 

1.4 

0.8 

17.6 

SIL 

URT380 

76-89 

30-35 

23.9 

52.9 

23.3 

30.1 

22.7 

6.3 

11.8 

2.8 

1.1 

1.2 

16.9 

SIL 

URT380 

89-97 

35-38 

23.5 

49.0 

27.4 

28.6 

20.4 

6.2 

14.0 

3.7 

1.2 

2.4 

21.3 

L 

URT380 

97-107 

38-42 

26.9 

47.5 

25.6 

27.1 

20.4 

6.7 

14.0 

2.9 

0.9 

1.1 

18.9 

L 

URT380 

107-122 

42-48 

26.8 

47.2 

26.0 

28.7 

18.5 

5.8 

13.4 

4.0 

1.7 

1.1 

20.2 

L 

URT380 

122-142 

48-56 

35.0 

19.6 

45.4 

12.8 

6.8 

1.6 

8.S 

9.2 

9.3 

16.5 

43.8 

SCL 

URT380 

142-152 

56-60 

30.0 

8.7 

61.3 

5.1 

3.6 

1.0 

7.2 

14.2 

18.2 

20.6 

60.3 

SCL 

URT380 

152-168 

60-66 

23.8 

4.7 

71.5 

1.8 

2.9 

0.6 

7.6 

22.0 

25.1 

16.2 

70.9 

SCL 

URT3110 

0-20 

0-8 

10.7 

53.9 

35.5 

27.4 

26.4 

7.3 

18.1 

6.3 

2.7 

1.0 

28.2 

SIL 

URT3110 

20-36 

8-14 

15.3 

57.4 

27.2 

33.5 

24.0 

5.7 

13.7 

4.9 

2.2 

0.7 

21.5 

SIL 

URT3110 

36-51 

14-20 

19.9 

54.7 

25.4 

31.4 

23.3 

5.5 

12.5 

4.3 

2.1 

1.0 

19.9 

SIL 

URT3110 

51-66 

20-26 

26.4 

48.1 

25.6 

28.2 

19.9 

5.5 

12.0 

4.0 

2.3 

1.8 

20.0 

L 

URT3110 

66-91 

26-36 

24.6 

46.7 

28.7 

26.5 

20.2 

5.4 

11.3 

4.0 

2.7 

5.2 

23.2 

L 

URT3110 

91-122 

36-48 

33.2 

28,3 

38.5 

17.1 

11.2 

1.8 

4 . 6 

3.3 

6.3 

22.5 

36.7 

CL 

URT3110 

122-152 

48-60 

24.9 

33.4 

41.6 

20.6 

12.8 

2.7 

7.5 

7.1 

8.6 

15.7 

38.9 

L 

Appendix  B  Soil  Laboratory  Data 


B25 


SAMPLE  p  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  A1  BASE  SAT  ORG  —  pH- 

ITY  Al  SAT  C 


Ca 

Kg 

Na 

K 

SUM 

BASES 

SUM 

CATS 

NH4 

OAc 

BASES 

+A1 

SUM 

NH4 

OAc 

CaC12 

.01M 

H20 

URT380 

2.4 

.4 

0.0 

.1 

2.9 

5.5 

.2 

8.3 

7.0 

3.1 

6 

35 

41 

0.9 

5.0 

5.6 

URT380 

2.6 

.8 

TR 

.2 

3.6 

5.1 

.2 

8.7 

7.2 

3.8 

5 

41 

50 

0.4 

5.2 

5.7 

URT380 

3.9 

.8 

0.0 

.2 

4.9 

5.2 

.2 

10.1 

8.8 

5.1 

4 

49 

55 

0.3 

5.1 

5.6 

URT380 

5.8 

1.2 

TR 

.2 

7.2 

5.5 

.3 

12.7 

11.8 

7.5 

4 

57 

61 

0.2 

5.1 

5.6 

URT380 

4.9 

1.2 

TR 

.2 

6.3 

5.3 

c 

11.6 

11.2 

6.8 

7 

54 

56 

0.1 

4.9 

5.6 

URT380 

3.1 

.S 

TR 

.2 

4.1 

7.0 

2.0 

11.1 

9.5 

6.1 

33 

37 

43 

0.1 

4.5 

5.3 

URT380 

1.9 

.8 

TR 

.1 

2.8 

7.2 

2.9 

10.0 

8.3 

5.7 

51 

28 

33 

0.1 

4.2 

5.0 

URT380 

2.4 

.8 

.1 

.2 

3.5 

7.8 

3.9 

11.3 

9.2 

7.4 

53 

31 

38 

0.1 

4.2 

5.0 

URT330 

1.2 

.3 

.1 

.2 

2.3 

8.1 

4.1 

10.4 

8.8 

6.4 

64 

22 

26 

0.1 

4.1 

4.9 

URT380 

1.2 

.3 

TR 

.2 

2.2 

9.3 

5.2 

11.5 

9.3 

7.4 

70 

19 

24 

0.1 

4.0 

4.9 

URT380 

.7 

.8 

TR 

.2 

1.7 

9.8 

5.4 

11.5 

11.2 

7.1 

76 

15 

15 

0.1 

3.9 

4.7 

URT380 

1.0 

1.2 

TR 

.2 

2.4 

12.5 

7.0 

14.9 

13.1 

9.3 

74 

16 

18 

0.1 

3.9 

4.5 

URT380 

.9 

1.6 

.1 

.2 

2.8 

10.3 

5.8 

13.1  : 

12. 6 

8.6 

67 

21 

22 

0.1 

3.9 

4.6 

URT380 

.7 

1.1 

.1 

.2 

2.1 

9.1 

4.6 

11.2 

9.3 

6.7 

69 

19 

22 

0.1 

4.0 

4.8 

URT3110 

2.3 

.8 

TR 

.1 

3.2 

5.7 

.3 

8.8 

7.0 

3.5 

9 

36 

46 

0.9 

4.7 

5.4 

URT3110 

3.3 

.4 

TR 

.2 

3.9 

5.6 

.4 

9.5 

7.3 

4.3 

9 

41 

53 

0.6 

4.7 

5.4 

URT3110 

4.4 

.8 

TR 

.2 

5.4 

5.0 

.5 

10.4 

8.8 

5.9 

8 

52 

61 

0.4 

4.8 

5.5 

URT3110 

5.8 

1.5 

TR 

.2 

7.5 

5.4 

.3 

12.9  11.4 

7.8 

4 

58 

66 

0.3 

4.9 

5.6 

URT3110 

4.3 

1.6 

TR 

.2 

6.1 

5.7 

.9 

11.8  10.8 

7.0 

13 

52 

56 

0.2 

4.6 

5.4 

URT31I0 

4.3 

2.0 

TR 

.2 

6.5 

7.7 

1.7 

14.2  12.7 

8.2 

21 

46 

51 

0.1 

4.5 

5.3 

URT3110 

4.4 

1.9 

TR 

.2 

6.5 

5.3 

.5 

11. S  10.2 

7.0 

7 

55 

64 

0.1 

4.8 

5.5 

B26 


Appendix  B  Soil  Laboratory  Data 


1-20-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


Ft.  Leonard  Wood  sample  data 

- TOTAL -  —SILT . - . —SAND' 


SAMPLE  # 

DEPTH 

cm 

[  DEPTH 
in 

HORIZON  CLAY 
< 

-002 

’  SILT 
.002 
-.05 

SAND 

.05 

-2 

FINE 

.002 

-.02 

COARSE  VF 
.02  .05 

-.05  -.10 

3/  . 

F 

.10 

-.25 

M 

.25 

-.50 

C 

.5 

-1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

URT3X130 

0-13 

0-5 

11.8 

51.9 

36.3 

25.3 

26.5 

6.8 

17.8 

6.9 

3.4 

1.4 

29.5 

SIL 

URT3X130 

13-25 

5-10 

11.1 

54.3 

34.6 

29.5 

24.8 

6.8 

17.3 

6.3 

2.8 

1.4 

27.8 

SIL 

URT3X130 

25-43 

10-17 

13.6 

59.9 

26.5 

35.4 

24.5 

5.5 

12.7 

4.9 

2.3 

0.9 

21.0 

SIL 

URT3X130 

43-66 

17-26 

18.2 

57.0 

24.8 

34.0 

23.0 

5.0 

12.2 

4.7 

2.2 

0.7 

19.8 

SIL 

URT3X130 

66-84 

26-33 

23.3 

51.3 

25.3 

31.1 

20.2 

4.7 

11.5 

4.4 

2.7 

2.1 

20.6 

SIL 

URT3X130 

84-9? 

33-39 

24.5 

47.3 

28.2 

27.5 

19.8 

5.5 

12.3 

4.6 

2.9 

2.9 

22.8 

L 

LRT3X130 

99-122 

39-48 

21.5 

46.2 

32.3 

26.5 

19.7 

5.6 

13.2 

6.1 

4.0 

3.4 

26.7 

L 

URT3X130 

122-142 

48-56 

22.8 

37.4 

39.8 

22.4 

15.0 

4.5 

13.6 

7.8 

5.7 

8.2 

35.3 

L 

URT3X130 

142-163 

56-64 

23.6 

33.7 

42.7 

19.7 

14.0 

4.8 

16.2 

9.6 

6.9 

5.1 

37.9 

L 

URT3EX170 

0-10 

0-4 

14.4 

68.1 

17.5 

39.1 

29.0 

4.3 

7.9 

3.2 

1.3 

0.7 

13.2 

SIL 

URT3EX170 

10-22 

4-9 

11.0 

67.9 

21.1 

39.4 

23.5 

4.7 

9.8 

4.0 

1.9 

0.6 

16.4 

SIL 

URT3EX170 

23-36 

9-14 

11.7 

66.1 

22.2 

39.7 

26.4 

4.8 

10.8 

4.1 

1.9 

0.5 

17.3 

SIL 

URT3EX170 

36-43 

14-19 

13.3 

69.0 

17.7 

46.1 

22.9 

4.7 

8.0 

3.1 

1.3 

0.5 

12.9 

SIL 

URT3EX170 

43-56 

19-22 

15.7 

66,7 

17.6 

42.8 

23.8 

4.7 

8.4 

3.2 

1.1 

0.3 

12.9 

SIL 

URT3EX170 

56-6? 

22-27 

16.7 

64.3 

19.0 

41.2 

23.1 

5.0 

8.7 

3.6 

1.2 

0.5 

14.0 

SIL 

URT3EX170 

69-79 

27-31 

13.0 

62.4 

19.5 

37.4 

25.0 

4.7 

8.9 

4.0 

1.4 

0.4 

14.8 

SIL 

URT3EX170 

79-86 

31-34 

18.9 

60.0 

21.1 

37.2 

22.9 

4.6 

9.2 

4.8 

1.9 

0.6 

16.4 

SIL 

URT3EX170 

86-102 

34-40 

19.7 

57.7 

22.6 

34.6 

23.1 

4.4 

9.9 

5.7 

2.1 

0.5 

18.3 

SIL 

URT3EX170 

102-119 

40-47 

22.3 

51.3 

26.4 

31.2 

20.1 

3.5 

10.5 

7.9 

3.4 

1.0 

22.9 

SIL 

URT3EX170 

119-137 

47-54 

24.0 

52.5 

23.5 

32.8 

19.7 

3.1 

9.8 

6.8 

2.9 

0.7 

-20.3 

SIL 

URT3EX170 

137-152 

54-60 

27.2 

54.3 

18.5 

34.9 

19.5 

3.0 

8.2 

4.3 

2.3 

0.6 

15.4 

SICL 

Appendix  B  Soi!  Laboratory  Data 
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SAMPLE  #  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  A1  BASE  SAT  ORG  — pH- 

ITY  Al  SAT  C 


Ca 

Mg 

Na 

K 

SUM 

BASES 

SUM 

CATS 

NH4 

OAc 

BASES 

+A1 

SUM 

NH4 
OAc 
_0/_ _ 

CaC12 

.01M 

H20 

i 

meg/  g 

'O - 

URT3X130 

4.0 

1.2 

0.0 

.3 

5.5 

4.8 

0.0 

10.3 

8.3 

5.5 

0 

53 

66 

1.3 

5.2 

6.0 

URT3X130 

1.9 

.8 

0.0 

.2 

2.9 

5.6 

.4 

8.5 

6.4 

3.3 

12 

34 

45 

0.6 

4.6 

5.3 

URT3X130 

3.3 

.4 

TR 

.1 

3.8 

5.5 

.4 

9.3 

6.6 

4.2 

10 

41 

58 

Q.5 

4.6 

5.4 

URT3X130 

3.3 

.8 

TR 

.2 

4.3 

5.2 

.4 

9.5 

7.8 

4.7 

9 

45 

55 

0.4 

4.7 

5.4 

URT3X130 

4.6 

1.5 

TR 

.2 

6.3 

5.9 

.4 

12 . 2 

11.5 

6.7 

6 

52 

55 

0.2 

4.8 

5.5 

URT3XI30 

3.5 

1.6 

TR 

.2 

5.3 

7.0 

1.1 

12.3 

10.3 

6.4 

17 

43 

51 

0.2 

4.6 

5.4 

URT3X130 

1.4 

1.2 

.1 

.1 

2.8 

8.2 

2.9 

11.0 

8.3 

5.7 

51 

25 

33 

0.1 

4.1 

5.0 

URT3X130 

1.2 

1.2 

0.0 

.1 

2.5 

6.8 

2.9 

9.3 

9.3 

5.4 

54 

27 

27 

0.1 

4.2 

5.0 

URT3X130 

1.4 

1.2 

0.0 

.2 

2.8 

7.2 

3.1 

10.0 

10.2 

5.9 

53 

28 

27 

0.1 

4.1 

5.0 

URT3EX170 

7.6 

1.6 

0.0 

.3 

9.5 

5.7 

- 

15.2 

13.4 

— 

— 

63 

71 

2.1 

5.7 

6.2 

URT3EX170 

3.1 

.8 

0.0 

.1 

4.0 

4.9 

— 

8.S 

7.2 

— 

-- 

45' 

56 

0.7 

5.1 

5.8 

URT3EX170 

2.9 

.4 

0.0 

.1 

3.4 

5.5 

— 

8 .  S 

7.2 

— 

— 

33 

47 

0.6 

4.8 

5 . 6 

URT3EX170 

5.5 

.8 

.1 

.2 

6.6 

8.1 

— 

14.7 

11.5 

— 

— 

45 

57 

1.1 

4.8 

5.5 

URT3EX170 

5,1 

.4 

.1 

.2 

5.8 

5.9 

— 

11.7 

9.6 

— 

— 

50 

60 

0.8 

4.9 

5.7 

URT3EX170 

4.8 

.4 

TR 

.2 

5.4 

5.0 

-- 

10.4 

8.8 

— 

— 

52 

61 

0.6 

5.0 

5.7 

URT3EX170 

4.7 

.4 

.1 

.2 

5.4 

4.8 

— 

10.2 

8.3 

— 

— 

53 

65 

0.5 

5.0 

5.7 

URT3EX170 

4.4 

.4 

.1 

.2 

5.1 

4.4 

- 

9.5 

8.1 

— 

— 

54 

63 

0.4 

5.0 

5.7 

URT3EX170 

4.5 

.4 

.2 

.2 

5.3 

4.3 

— 

9.6 

8.2 

— 

— 

55 

65 

0.3 

5.0 

5.7 

URT3EX170 

4.9 

.8 

.1 

.2 

6.0 

4.4 

— 

10.4 

9.1 

— 

— 

58 

66 

0.3 

5.0 

5.8 

URT3EX170 

5.7 

1.6 

TR 

.2 

7.5 

4.8 

— 

12.3 

11.1 

— 

— 

61 

68 

0.2 

5.1 

5.8 

URT3EX170 

6.8 

2.3 

.1 

.3 

9.5 

5.7 

— 

15.2 

13.1 

-- 

-- 

63 

73 

0.3 

5.1 

5.8 

B28 


Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sairole  data 


1-18-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


tuS/oj  /  f 


•TOTAL -  - SILT— - - SAND' 


SAMPLE  # 

DEPTH  DEPTH 
cn  in 

HORIZON  CLAY 
< 

.002 

'  SILT 
.002 
-.05 

1  SAND 
.05 
-2 

•  FINE  COARSE  VF 
.002  .02  .05 

-.02  -.05  -.10 

F  M 

.10  .25 

-.25  -.50 

C 

.5 

-1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

'O  Ui  v. 

URT45 

0-15 

0-6 

16.7 

60.2 

23.1 

33.8 

26.4 

6.4 

12.2 

3.7 

0.7 

0.2 

16.7 

SIL 

URT45 

15-25 

6-10 

18.4 

52.0 

29.6 

29.1 

22.9 

7.2 

15.8 

5.3 

1.1 

0.2 

22.4 

SIL 

URT45  ' 

25-33 

10-15 

19.7 

49.7 

30.6 

27.2 

22.4 

7.2 

17.1 

5.1 

1.0 

0.2 

23.4 

L 

URT45 

38-53 

15-21 

20.3 

48.3 

31.4 

26.4 

21.9 

6.9 

17.6 

5.6 

1.1 

0.1 

24.5 

L 

URT45 

53-6? 

21-27 

19.3 

44.5 

36.2 

24.5 

20.0 

6.7 

19.9 

7.8 

1.6 

0.2 

29.5 

L 

URT45 

69-31 

27-32 

17.3 

37.4 

45.3 

21.1 

16.3 

6.3 

24.9 

11.4 

2.5 

0.2 

39.1 

L 

URT45 

81-94 

32-37 

17.6 

39.6 

42.7 

24.4 

15.3 

5.6 

22.0 

11.7 

3.0 

0.5 

37.2 

L 

URT45 

94-107 

37-42 

19.3 

42.1 

38.5 

27.7 

14.4 

4.3 

17.7 

11.1 

3.8 

1.6 

34.2 

L 

URT45 

107-122 

42-48 

21.2 

46.0 

32.3 

30.9 

15.1 

3.8 

14.4 

10.0 

3.5 

1.2 

29.0 

L 

URT45 

122-137 

48-54 

23.0 

49.1 

27.9 

34.2 

14.9 

3.7 

12.9 

7.8 

3.1 

0.4 

24.2 

L 

URT45 

137-152 

54-60 

21.6 

49.8 

28.6 

34.6 

15.2 

3.8 

14.4 

6.7 

2.3 

1.4 

24.8 

L 

URT430 

0-15 

0-6 

19.7 

61.3 

19.0 

36.0 

25.3 

5.2 

9.1 

3.5 

0.9 

0.2 

13.8 

SIL 

URT430 

15-33 

6-13 

17.7 

58.4 

24.0 

36.1 

22.3 

5.9 

11.9 

4.6 

1.2 

0.3 

18.0 

SIL 

URT430 

33-53 

13-21 

20.6 

54.4 

25.0 

32.9 

21.6 

5.4 

12.8 

5.3 

1.3 

0.1 

19.6 

SIL 

URT430 

53-71 

21-28 

22.3 

52.8 

25.0 

31.9 

20.8 

5.6 

12.8 

4.9 

1.3 

0.4 

19.3 

SIL 

URT430 

71-99 

28-39 

22.2 

52.7 

25.0 

31.7 

21.1 

5.6 

13.1 

4.9 

1.2 

0.2 

19.5 

SIL 

URT430 

99-124 

39-49 

22.7 

53.1 

24.2 

31.8 

21.3 

5.8 

12.5 

4.5 

1.1 

0.3 

18.3 

SIL 

URT430 

124-157 

49-62 

22.3 

56.2 

21.5 

33.6 

22.6 

5.2 

10.6 

4.2 

1.3 

0.3 

16.3 

SIL 

B2S 


Appendix  B  Soil  Laboratory  Data 


SAMPLE  # 

NH40AC  EXTRACTABLE 

Ca  Mg  Na  K 

BASES 

SUM 

BASES 

ACID-  EXIR 
IIY  A1 

SUM 

CATS 

--CEC- 

NH4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

— pH- 

CaCI2 
•  01M 

H20 

URT45 

5.5 

.8 

TR 

.2 

6.5 

— meq/100  g — 

5.0  0.0 

11.5 

10.7 

6.5 

0 

57 

61 

1.2 

5.6 

6.2 

URT45 

4.9 

1.5 

TR 

.1 

6.5 

5.0 

0.0 

11.5 

9.6 

6.5 

0 

57 

68 

0.5 

5.2 

5.8 

URT45 

5.0 

1.6 

TR 

.2 

6.8 

4.7 

0.0 

11.5 

9.S 

6.8 

0 

59 

69 

0.4 

5.2 

5.8 

URT45 

5.1 

1.5 

.1 

.2 

6.9 

4.5 

0.0 

11.4 

9.7 

6.9 

0 

61 

71 

0.4 

5.2 

5.9 

URT45 

4.3 

1.6 

TR 

.2 

6.1 

4.6 

.1 

10.7 

8.8 

6.2 

2 

57 

69 

0.3 

5.2 

5.9 

URT45 

2.9 

1.6 

.1 

.2 

4.8 

4.4 

.4 

9.2 

7.9 

5.2 

8 

52 

61 

0.2 

4.9 

5.6 

URT45 

2.9 

1.6 

.1 

.2 

4.8 

4.8 

.5 

9.6 

8.3 

5.3 

9 

50 

58 

0.3 

4.7 

5.5 

URT45 

3.3 

1.6 

.1 

.2 

5.2 

5.2 

.7 

10.4 

8.6 

5.9 

12 

50 

60 

0.3 

4.7 

5.4 

URT45 

3.5 

1.5 

TR 

.2 

5.2 

6.1 

.9 

11.3 

9.3 

6.1 

15 

46 

56 

0.3 

4. 6 

5.3 

UP.T45 

3.1 

1.6 

.3 

.2 

5.2 

7.2 

1.4 

12.4 

10.2 

6.6 

21 

42 

51 

0.3 

4.5 

5.3 

URT45 

2.6 

1.6 

.1 

.2 

4.5 

6.7 

1.4 

11.2 

9.8 

5.9 

24 

40 

45 

0.3 

4.4 

5.2 

URT430 

7.2 

2.8 

TR 

.4 

10.4 

5.6 

- 

16.0 

14.3 

— 

— 

65 

73 

1.8 

5.8 

6.3 

URT430 

8.6 

2.3 

TR 

.2 

11.1 

4.5 

— 

15.6 

11.9 

— 

— 

71 

93 

0.9 

5.8 

6.4 

URT430 

6.1 

1.9 

0.0 

.2 

8.2 

4.1 

- 

12.3 

10.9 

— 

— 

67 

75 

0.5 

5.6 

6.3 

URX430 

6.4 

2.0 

TR 

.2 

8.6 

4.6 

- 

13.2 

11.6 

— 

-- 

65 

74 

0.5 

5.9 

6.5 

UHI430 

6.7 

2.4 

0.0 

.2 

9.3 

4.4 

— 

13.7 

11.7 

— 

— 

68 

79 

0.4 

5.9 

6.5 

URT430 

6.4 

2.7 

TR 

.2 

.  9'.  3 

4.8 

14.1 

12.5 

-- 

— 

66 

74 

0.4 

5.9 

6.5 

URI430 

6.0 

2.8 

TR 

.2 

9.0 

4.8 

— 

13.8 

12.3 

-- 

— 

65 

73 

0.3 

5.7 

6.4 

B30 


Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sample  data 


1-18-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

DEPTH 

HORIZON  CLAY 

-TOTAL - 
SILT 

SAND 

—SILT -  — 

FINE  COARSE  VF 

F 

• - SAND— 

M  C 

VC 

>VF 

TEXT 

cm 

in 

< 

.002 

.05 

.002  .02  .05 

.10 

.25 

.5 

1 

.10 

CLASS 

.002 

-.05 

-2 

-.02  -.05  -.10 

-.25 

-.50 

-1 

-2 

-2 

URT4S0 

0-10 

0-4 

20.1 

55.7 

24.2 

33.3 

22.5 

5.4 

10.4 

5.6 

2.2 

0.5 

18.3 

SIL 

URT480 

10-20 

4-8 

15.5 

50.6 

33.9 

31.0 

19.6 

5.6 

13.7 

8.1 

4.0 

2.5 

28.3 

SIL 

URT480 

20-36 

8-14 

15.5 

40.8 

43.6 

24.1 

16.8 

5.1 

18.8 

12.6 

5.4 

1.7 

38.5 

L 

URT430 

36-56 

14-22 

16.6 

41.4 

42.0 

24.5 

16.9 

5.4 

21.0 

11.6 

3.6 

0.5 

36.6 

L 

URT480 

56-74 

22-29 

18.5 

45.0 

36.5 

26.1 

18.9 

6.3 

19.5 

8.4 

2.0 

0.2 

30.1 

L 

URT4S0 

74-36 

29-34 

19.6 

45.8 

34.7 

27.0 

18.8 

6.3 

18.3 

7.9 

2.0 

0.2 

28.4 

L 

URT480 

86-107 

34-42 

20.3 

43.3 

36.4 

24.7 

18.6 

6.1 

18.5 

8.6 

2.7 

0.5 

30.3 

L 

URT480 

107-127 

42-50 

22.7 

50.1 

27.2 

29.0 

21.2 

7.1 

13.8 

4.8 

1.4 

0.1 

20.1 

SIL 

URT480 

127-140 

50-55 

23.2 

56.6 

20.2 

33.0 

23.6 

7.7 

10.0 

2.1 

0.5 

0.0 

12.5 

SIL 

URT480 

140-152 

55-60 

24.1 

56.7 

19.2 

32.5 

24.3 

7.4 

9.7 

1.7 

0.4 

0.0 

11.8 

SIL 

URT480 

152-173 

60-68 

20.6 

50.2 

29.2 

28.5 

21.7 

7.4 

14.5 

5.5 

1.6 

0.3 

21. S 

SIL 

URT4125 

0-10 

0-4 

17.9 

49.2 

32.9 

28.8 

20.4 

5.2 

11.8 

9.4 

4.8 

1.7 

27.7 

L 

URT4125 

10-20 

4-8 

12.3 

33.9 

53.8 

19.4 

14.5 

4 . 6 

18.4 

16.5 

9.0 

5.2 

49.2 

MSL 

URT4125 

20-46 

8-18 

13.6 

33.0 

53.4 

19.7 

13.3 

4.2 

19.5 

17.9 

8.9 

3.0 

49.2 

FSL 

UP.T4125 

46-71 

18-28 

12.7 

28.9 

58.3 

17.0 

12.0 

3.5 

19.6 

22.0 

10.5 

2.8 

54.8 

MSL 

URT4125 

71-81 

28-32 

11.1 

24.1 

64.8 

13.6 

10.5 

3.4 

21.0 

25.7 

12.1 

2.7 

61.5 

MSL 

URT4125 

81-91 

32-36 

8.7 

18.9 

72.4 

10.7 

8.2 

2.8 

20.2 

28.4 

15.8 

5.2 

69.6 

MSL 

URT4125 

91-122 

36-48 

2.8 

9.5 

87.7 

5.9 

3.6 

2.4 

29.5 

39.4 

14.3 

2.1 

85.3 

S 

URT4125 

122-137 

48-54 

17.0 

41.4 

41.7 

24.2 

17.2 

6.4 

24.4 

8.7 

1.9 

0.3 

35.3 

L 

URT4125 

137-152 

54-60 

18.5 

45.0 

36.5 

26.7 

18.3 

6.9 

21.9 

6.4 

1.1 

0.2 

Z9.6 

L 
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B31 


SAMPLE 

IP  NH40AC  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 

BASES 

ACID¬ 

ITY 

EXTR 

A1 

SUM 

CATS 

— CEC* 

NH4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE  SAT 

SUM  NH4 
OAC 

ORG 

C 

— pH- 

CaClZ 

.01M 

H20 

--meq/ iuu  g 

URT480 

14.7 

3 . 6 

TR 

.2 

18.5 

5.9 

— 

24.4 

20.4 

— 

— 

76 

91 

3.2 

6.4 

6.8 

URT480 

9.5 

2.7 

TR 

.2 

12.4 

4.4 

— 

16.8 

14.1 

— 

— 

74 

88 

1.5 

6 . 7 

7.2 

URT480 

5.8 

2.4 

0.0 

.1 

8.3 

3.6 

— 

11.9 

10.0 

- 

— 

70 

83 

0.7 

6.7 

7.2 

URT4S0 

5.3 

2.0 

0.0 

.2 

7.5 

3.8 

— 

11.3 

9.8 

— 

— 

66 

76 

0.4 

6 . 5 

7.2 

URT4S0 

5.5 

2.0 

0.0 

.2 

7.7 

4.4 

- 

12.1 

10.6 

— 

— 

64 

73 

0.4 

6.4 

6.9 

URT4S0 

5.4 

2.3 

0.0 

.2 

7.9 

4.2 

- 

12.1 

11.0 

— 

— 

65 

72 

0.3 

6.1 

6.8 

URT480 

5.3 

2.4 

0.0 

.2 

7.9 

4.0 

— 

11.9 

10.7 

— 

— 

66 

74 

0.4 

5.5 

6.2 

URI480 

5.7 

2.8 

TR 

.2 

8.7 

4.7 

— 

13.4 

12.1 

— 

— 

65 

72 

0.4 

5.6 

6.2 

UHX480 

5.9 

3 . 5 

0.0 

.2 

9.6 

4.8 

— 

14.4 

13.1 

— 

— 

67 

73 

0.5 

5.5 

6 . 2 

UET4S0 

5.6 

i  #  £ 

TR 

.2 

9.3 

5.1 

— 

14.5 

12.6 

— 

— 

65 

75 

0.4 

5.5 

6.2 

URT480 

4.5 

3.5 

TR 

.2 

8.2 

5.0 

— 

13.2 

11.2 

— 

— 

62 

73 

0.4 

5.4 

6.1 

URT4125 

13.7 

3.5 

0.0 

.4 

17.6 

5.5 

- 

23.1 

18.2 

— 

— 

76 

97 

2.8 

6. 6 

7.1 

URT4125 

6.8 

2.0 

0.0 

.1 

8.8 

3.5 

— 

12.4 

10.3 

— 

— 

72 

86 

1.0 

6 . 5 

7.0 

URT4125 

5.0 

2.0 

0.0 

.2 

7.2 

3.1 

— 

10.3 

9.2 

— 

-- 

70 

78 

0.6 

6.8 

7.3 

URT4125 

3.3 

1.6 

0.0 

.2 

5.1 

2.9 

— 

8.0 

7.4 

— 

— 

64 

69 

0.2 

6.2 

6.9 

URT4125 

2.9 

1.5 

0.0 

.1 

4. 6 

2.4 

-- 

7.0 

6.4 

— 

— 

66 

72 

0.2 

6.2 

6.9 

URT4125 

2.4 

1.2 

0.0 

.1 

3.7 

2.1 

— 

5.8 

5.4 

— 

— 

64 

69 

0.2 

6.1 

6.8 

URT4125 

.7 

.  4 

.1 

.1 

1.3 

1.2 

— 

2.5 

2.6 

— 

— 

52 

50 

0.1 

5.6 

6.4 

URT4125 

4.8 

2.4 

TR 

.2 

7.4 

3.6 

— 

11.0 

10.1 

— 

— 

67 

73 

0.4 

5.8 

6.5 

URT4125 

5.2 

2.7 

TR 

.2 

8.1 

4.0 

— 

12.1 

10.8 

— 

-- 

67 

75 

0.4 

5.8 

6.4 

B32 


Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  sanple  data  1-18-94  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 

/»/•/  /*✓  P 


-TOTAL 

- SILT - 

— 

- SAND- 

SAMPLE  # 

DEPTH 

DEPTH 

HORIZON  CLAY 

SILT 

SAND 

FINE  COARSE 

VF 

F 

M 

C 

VC 

>VF 

TEXT 

cm 

in 

< 

.002 

.05 

.002 

.02 

.05 

.10  .25 

.5 

1 

.10 

CLASS 

.002 

-.05 

-2 

-.02 

-.05 

-.10 

-.25  -.50 

-1 

-2 

-2 

- %  0f  < 

2mm- 

---— 

URT510 

0-15 

0-6 

16.4 

47.0 

36.6 

25.0 

22.0 

6.5 

17.5 

8.1 

3.1 

1.4 

30.1 

L 

URT510 

15-30 

6-12 

12.4 

35.3 

52.3 

18.5 

16.8 

4.9 

15.5 

12.7 

8.6 

10.5 

47.3 

MSL 

URT510 

30-41 

12-16 

11.7 

34.4 

53.9 

18.8 

15.6 

5.4 

20.8 

15.6 

7.0 

5.2 

48.6 

FSL 

UHT510 

41-51 

16-20 

11.7 

34.4 

53.9 

18.8 

15.6 

5.6 

24.4 

16.2 

4.5 

3.3 

48.3 

FSL 

GRAV.LAYR 

41-61 

16-24 

5.1 

7.2 

87.7 

3.5 

3.6 

1.3 

8.1 

7.8 

7.9 

62.6 

86.4 

COS 

URT510 

51-61 

20-24 

10.8 

35.5 

53.7 

18.9 

16.7 

6.8 

23.7 

12.9 

4.5 

5.8 

46.9 

FSL 

URT510 

61-76 

24-30 

8.1 

26.3 

65.6 

13.8 

12.5 

5.5 

24.3 

19.4 

9.2- 

7.1 

60.1 

MSL 

URT510 

76-91 

30-36 

8.0 

23.6 

68.5 

12.7 

10.9 

4.1 

27.3 

24.2  10.1 

2.7 

64.4 

MSL  ■ 

URT510 

91-102 

36-40 

11.6 

24.0 

64 . 4 

13.3 

10.7 

4.0 

29.0 

22.3 

7.0 

1.5 

60.4 

MSL 

URT510 

102-112 

40-44 

11.8 

23.8 

64.4 

13.0 

10.3 

3.9 

29.6 

23.2 

6.6 

1.0 

60.5 

MSL 

URX510 

112-122 

44-48 

11.8 

21.6 

66.6 

11.5 

10.0 

4.0 

30.1 

24.4 

6.9 

1.3 

62.6 

FSL 

URT510 

122-132 

48-52 

10.6 

21.2 

68.2 

11.2 

10.0 

3.8 

28.9 

26.0 

8.0 

1.5 

64.4 

MSL 

URI510 

132-142 

52-56 

12.7 

25.7 

61.6 

13.9 

11.8 

4.8 

27.9 

21.8 

6.0 

1.3 

56.9 

FSL 

URX510 

142-152 

56-60 

12.9 

30.2 

56.9 

16.4 

13.8 

5.2 

26.9 

18.9 

5.0 

0.9 

51.6 

FSL 

SAMPLE 

#  NH40AC  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID-  EXTR 
ITY  Al 

SUM 

CATS 

■-CEC- 

NK4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

— pH- 

CaC12 

.01M 

H20 

'° 

URT510 

11.0 

3.2 

TR 

.3 

14.5 

5.0 

— 

19.5 

16.8 

— 

— 

74 

86 

2.3 

6.0 

6.5 

URT510 

6.4 

1.9 

0.0 

.2 

8.5 

3.5 

— 

12.0 

10.2 

— 

— 

71 

83 

1.1 

5.9 

6.7 

URT510 

5.9 

1.9 

0.0 

.2 

8.0 

3.5 

— 

11.5 

10.3 

— 

— 

70 

78 

1.0 

5.8 

6.6 

URT510 

5.8 

2.0 

0.0 

.1 

7.9 

3.7 

— 

11.6 

10.3 

— 

— 

68 

77 

0.8 

5.8 

6.6 

URT510 

2.1 

.8 

.1 

.1 

3.1 

1.8 

— 

4.9 

4.4 

— 

— 

63 

70 

0.3 

5.7 

6.5 

URT510 

4.0 

1.5 

TR 

.1 

5.6 

2.7 

- 

8.3 

8.0 

— 

— 

67 

70 

0.6 

5.8 

6.6 

URT510 

2.2 

1.2 

.2 

.1 

3.7 

2.0 

— 

5.7 

5.1 

— 

— 

65 

73 

0.3 

5.8 

6.5 

URT510 

1.9 

1.2 

0.0 

.1 

3.2 

2.0 

— 

5.2 

4.7 

— 

— 

62 

68 

0.2 

5.7 

6.6 

URT510 

3.2 

1.6 

0.0 

.3 

5.1 

2.5 

— 

7.6 

6.6 

— 

— 

67 

77 

0.2 

6.1 

6.8 

URT510 

3.6 

1.6 

.3 

.4 

5.9 

2.5 

— 

8.3 

6.7 

— 

— 

70 

88 

0.2 

6.0 

6.8 

URT510 

3.3 

1.6 

.2 

.3 

5.4 

,2.3 

— 

7.7 

6.3 

— 

— 

70 

86 

0.2 

5.8 

6.6 

URT510 

2.4 

1.2 

0.0 

.1 

3.7 

2.3 

— 

6.0 

5.8 

— 

— 

62 

64 

0.2 

5.7 

6.6 

URT510 

3.1 

1.6 

.1 

.1 

4.9 

2.7 

— 

7.6 

7.0 

-- 

~ 

64 

70 

0.1 

5.8 

6.6 

URT510 

3.9 

1.5 

.2 

.4 

6.0 

3.1 

— 

9.1 

7.5 

— 

— 

66 

80 

0.3 

5.6 

6.5 
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Ft.  Leonard  Wood  sample  data 


1-18-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 


URT580 

URT580 

URT580 

URT580 

URX580 

URT580 

URT580 

URT580 

URT580 

URT580 

URT580 

URT620 

URT620 

URT620 

URT620 

URT620 

URT620 

UET620 

URT620 

URT620 

URT620 

URT620 


- TOTAL -  -SILT- 

DEPTH  DEPTH  HORIZON  CLAY  SILT  SAND  FINE  COARSE  VF 


0-15  0-6 

15-30  6-12 

30-46  12-18 

46-61  18-24 

61-76  24-30 

76-91  30-36 

91-102  36-40 
102-117  40-46 
117-132  46-52 
132-147  52-58 
147-153  53-64 
0-10  0-4 

10-18  4-7 

18-25  7-10 

25-36  10-14 

36-51  14-20 

51-66  20-26 

66-81  26-32 

81-97  32-38 

97-112  38-44 
112-127  44-50 
127-152  50-60 


<  .002  .05 

.002  -.05  -2 


6.2  13.9  79.9 

9.8  30.9  59.3 

13.2  36.2  50.6 


F 

.002  .02  .05  .10 

-.02  -.05  -.10  -.25 

- %  of  <  2mm - 


— SAND— 
M  C 
.25  .5 

.50  -1 


VC  >VF  TEXT 
1  .10  CLASS 

-2  -2 


8.0  5.8 

19.5  11.4 

21.6  14.6 


15.3  44.3  40.4  29.5  14.9 

4.8  9.2  85.9  5.9  3.3 

14.6  44.0  41.5  26.4  17.6 

7.0  15.7  77.3  9.3  6.3 

6.9  12.6  80.5  7.0  5.6 

7.1  15.2  77.7  8.8  6.4 

14.9  34.8  50.3  19.9  14.9 

18.6  48.4  33.0  28.6  19.8 

11.8  54.4  33.8  34.8  19.6 

12.8  55.9  31.3  37.4  18.5 

17.1  59.3  23.6  40.0  19.3 

20.9  54.2  24.9  38.0  16.2 

23.5  41.1  35.4  26.5  14.6 

19.6  45.3  35.2  28.0  17.3 

23.3  39.7  37.1  24.8  14.9 

30.4  38.8  30.8  24.9  13.9 

31.1  42.4  26.5  28.4  14.0 

34.2  38.0  27.7  23.9  14.2 

41.4  34.8  23.9  21.5  13.3 


1.6  8.5  17.8  17.9  34.2  78.4  LCOS 

2.9  12.8  18.3  13.1  12.3  56.4  COSL 

3.9  15.3  14.9  8.5  8.0  46.7  L 

3.0  10.8  10.2  6.8  9.6  37.4  L 

0.6  8.8  19.9  19.5  37.2  85.4  *LC0S 

5.9  21.1  10.8  3.0  0.7  35.6  L 

2.9  26.8  31.5  12.6  3.6  74.5  LS 

2.6  27.7  36.4  12.4  1.4  77.9  LS 

3.3  28.2  34.8  10.3  1.1  74.5  LS 

8.0  31.5  9.0  1.4  0.3  42.3  L 

6.9  18.2  6.2  1.2  0.5  26.1  L 

3.0  14.1  9.6  4.1  2.9  30. S  SIL 

2.8  13.8  9.4  3.6  1.6  28.4  SIL 

2.5  10.2  6.6  2.5  1.9  21.1  SIL 

2.2  9.2  5.9  2.9  4.6  22.6  SIL 

2.9  11.0  6.7  4.4  10.4  32.5  L 

3.3  13.4  7.3  3.7  7.6  31.9  L 

2.7  10.9  7.0  4.1  12.2  34.3  L 

2.4  10.6  6.4  3.3  8.2  28.4  CL 

2.1  9.3  5.5  2.9  6.7  24.4  CL 

2.6  11.8  6.8  3.0  3.5  25.1  CL 

2.5  10.7  6.6  2.8  1.2  21.4  C 
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SAMPLE 

#  NH40AC  EXTRACTABLE 

Ca  Mg  Na  K 

BASES 

SUM 

BASES 

ACID¬ 

ITY 

EXTR 

A1 

SUM 

CATS 

— CEC- 

NH4 

OAc 

BASES 

+A1 

A1 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

—pH 

CaC12 

.0LM 

H20 

XUU  g" 

URT530 

5.9 

1.6 

0.0 

.2 

7.7 

2.4 

— 

10.1 

8.0 

-- 

— 

76 

96 

1.4 

6.6 

7.3 

URT580 

6.9 

2.0 

0.0 

.1 

9.0 

3.0 

— 

12.0 

10.5 

— 

— 

75 

86 

1.2 

6.4 

7.0 

URT580 

6.6 

2.0 

0.0 

.1 

8.7 

3.7 

- 

12.4 

10.3 

— 

— 

70 

84 

0.9 

6.4 

7.0 

CRT580 

7.0 

2.4 

0.0 

.1 

9.5 

4.1 

- 

13.6 

12.1 

— 

— 

70 

79 

1.2 

6.2 

6.9 

CRI580 

2.7 

.8 

0.0 

TR 

3.6 

1.7 

- 

5.3 

4.5 

— 

- 

68 

80 

0.3 

6.2 

7.0 

CRTS 80 

7.2 

2.0 

TR 

.1 

9.3 

4.2 

- 

13.5 

12.0 

— 

— 

69 

78 

1.0 

6.1 

6.8 

URT580 

3.6 

1.2 

TR 

TR 

4.9 

2.1 

- 

7.0 

5.9 

— 

— 

70 

83 

0.4 

5.9 

6.7 

URT580 

3.2 

1.2 

0.0 

TR 

4.5 

1.8 

— 

6.3 

5.5 

— 

— 

71 

82 

0.3 

5.9 

6.7 

URT580 

3.3 

1.2 

0.0 

TR 

4.5 

1.9 

- 

6.4 

5.7 

— 

— 

70 

79 

0.3 

5.9 

6.7 

UHT580 

6.1 

2.4 

0.0 

.1 

8.6 

3.7 

- 

12.3 

10.6 

— 

— 

70 

81 

0.6 

6.0 

6.7 

URT5S0 

9.3 

3.5 

0.0 

.1 

12.9 

4.9 

— 

17.8 

15.2 

— 

- 

72 

85 

1.2 

5.9 

6.7 

URT620 

6.5 

.8 

TR 

.3 

7.6 

5.0 

— 

12.6 

10.3 

- 

— 

60 

74 

1.7 

5.8 

6.4 

URT620 

4.4 

.8 

0.0 

.2 

5.4 

4.1 

- 

9.5 

7.7 

— 

— 

57 

70 

0.5 

5.9 

6.6 

URT620 

5.0 

.8 

0.0 

.2 

6.0 

4.0 

-- 

10.0 

8.2 

- 

— 

60 

73 

0.4 

6.0 

6.8 

URT620 

6.3 

.8 

TR 

.3 

7.4 

4.2 

— 

11.6 

9.8 

— 

— 

64 

76 

0.3 

5.9 

6 . 6 

URT620 

7.7 

1.1 

0.0 

.3 

9.1 

4.6 

— 

13.7 

11.1 

— 

— 

66 

82 

0.2 

5.7 

6.4 

URI620 

6.0 

.8 

0.0 

.2 

7.0 

3.8 

- 

10.8 

9.5 

- 

— 

65 

74 

0.1 

5.7 

6.3 

URT620 

6.1 

1.2 

0.0 

.3 

7.6 

4.0 

- 

11.6 

10.5 

— 

— 

66 

72 

0.1 

5.6 

6.3 

URT620 

6.5 

2.0 

0.0 

.5 

9.0 

4.8 

— 

13.8 

11.5 

— 

— 

65 

78 

0.1 

5.8 

6.4 

URT620 

6.4 

2.3 

0.0 

.6 

9.3 

4.9 

14.2 

13.1 

— 

— 

65 

71 

0.1 

5.9 

6.5 

URT620 

6.5 

2.7 

TR 

.9 

10.1 

5.2 

- 

15.3 

12.8 

— 

— 

66 

79 

0.1 

5.8 

6.4 

URT620 

7.8 

2.7 

TR 

1.1 

11.6 

6.1 

-- 

17.7 

15.0 

— 

-- 

66 

77 

0.1 

5.9 

6.5 
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FT.  LEONARD  WOOD 


UR-T3-1 10  1 

0-8  » 

725: 

15 

2 

8-14  i 

780; 

9 

1 

UR-T3X-130 


14-20 


20-26 


26-36 


36-48 


48-60 


0-5 
5  -  10 
10  -  17 
17-26 
26-33 
"  33-33 
39-48 
48_-  55 
56-54 


UR-T3EX-170 


UR-T4-5 


0:4 

.  r. 

JLI"  Li 

"14-19 
19-22  ' 
~  22-27 
'27-3 1 

31- 34 
__34_-40 

40-47 

'47-54 

54-60 

~~  0-6~~  ' 

’  6  -  10 
10  -  15 
15-21 
21-27 
~27-32 

32- 37" 
37-42/" 
42-48 

"48-54  ’ 
54- 60"  ’ 


UR-T4-30 


0-6 
6  -  13 
13-2l" 
21-28 
28-39 
39l49~ 
49-62 


799 , 

0 

0 

812 

0 

0 

874 

0 

0 

901. 

0 

0 

799 

1 

0 

861  ; 

0 

0 

833' 

0 

0 

876 

2  _  _ 

0 

'  594'  ~  ' 

1 

..A 

"835  . . 

1 

893" . 

0 

1-° 

928  __ 

0 

o' 

8  70'” . 

6 

___0 
_  „ 

690; 

0 

895;  ” 

1 

0 
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3-13-95 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


Fort  Leonard  Wood  sample  data 


- TOTAL -  - SILT -  - SAND - 

SAMPLE  #  DEPTH  DEPTH  HORIZON  CLAY  SILT  SAND  FINE  COARSE  VF  F  M  C  VC  >VF  TEXT 
cm  in  <  .002  .05  .002  .02  .05  .10  .25  .5  1  .10  CLASS 

.002  -.05  -2  -.02  -.05  -.10  -.25  -.50  -1  -2  -2 

- %  of  <  2mm - - - - - 


BPT4-1 

0-5 

0-2 

17.2 

59.1 

23.7 

36.2 

22.9 

4.6 

12.3 

5.6 

0.9 

0.2 

19.1 

SIL 

BPT4-2 

5-15 

2-6 

11.8 

53.0 

35.2 

33.8 

19.2 

5.6 

18.9 

8.6 

1.5 

0.5 

29.6 

SIL 

BPT4-3 

15-23 

6-9 

12.8 

45.9 

41.3 

27.8 

18.1 

6.3 

23.1 

10.0 

1.8 

0.1 

35.0 

L 

BPT4-4 

23-30 

9-12 

12.6 

44.3 

43.0 

27.3 

17.1 

6.0 

23.9 

11.1 

1.9 

0.1 

37.0 

L 

BPT4-5 

30-38 

12-15 

12.7 

43.7 

43.6 

27.1 

16.6 

5.8 

24.4 

11.3 

2.0 

0.1 

37.8 

L 

BPT4-6 

38-46 

15-18 

12.7 

41.8 

45.4 

25.4 

16.4 

5.8 

25.1 

12.4 

2.1 

0.1 

39.7 

L 

BPT4-7 

46-53 

18-21 

14.0 

40.3 

45.7 

23.9 

16.4 

5.9 

25.7 

11.8 

2.1 

0.1 

39.8 

L 

BPT4-8 

53-64 

21-25 

14.2 

38.3 

47.5 

22.8 

15.4 

5.9 

26.9 

12.8 

1.9 

0.1 

41.7 

L 

BPT4-9 

64-71 

25-28 

14.0 

37.0 

48.9 

22.5 

14.5 

5.9 

27.7 

13.0 

2.3 

0.1 

43.1 

L 

BPT4-10 

71-79 

28-31 

14.2 

36.0 

49.8 

21.3 

14.7 

5.7 

28.1 

13.8 

2.1 

0.1 

44.1 

L 

BPT4-11 

79-86 

31-34 

13.6 

35.4 

51.0 

20.6 

14.8 

5.9 

28.3 

14.2 

2.5 

0.1 

45.1 

L 

BPT4-12 

86-91 

34-36 

14.3 

33.4 

52.2 

19.5 

14.0 

5.7 

28.7 

15.2 

2.5 

0.2 

46.6 

FSL 

BPT4-13 

91-99 

36-39 

14.5 

32.1 

53.4 

19.3 

12.9 

5.3 

28.9 

16.0 

2.9 

0.3 

48.1 

FSL 

BPT4-14 

99-104 

39-41 

14.7 

32.2 

53.1 

19.0 

13.2 

5.2 

28.5 

16.3 

2.7 

0.4 

47.9 

FSL 

BPT4-15 

104-112 

41-44 

14.6 

31.5 

53.9 

18.8 

12.7 

4.6 

27.6 

18.1 

3.2 

0.3 

49.2 

FSL 

BPT4-16 

112-122 

44-48 

14.3 

32.1 

53.5 

18.5 

13.6 

4.4 

27.0 

18.7 

3.2 

0.2 

49.1 

FSL 

BPT4-17 

122-130 

48-51 

15.2 

31.6 

53.2 

19.3 

12.3 

4.1 

27.0 

18.5 

3.3 

0.4 

49.1 

FSL 

BPT4-18 

130-137 

51-54 

14.9 

31.2 

53.8 

19.0 

12.2 

4.1 

28.2 

17.9 

3.0 

0.5 

49.7 

FSL 

BPT4-19 

137-142 

54-56 

15.0 

32.3 

52.8 

18.9 

13.4 

4.4 

29.2 

16.3 

2.7 

0.2 

48.4 

FSL 

BPT4-20 

142-150 

56-59 

14.2 

33.0 

52.8 

19.0 

14.0 

4.3 

29.7 

15.8 

2.7 

0.3 

48.. 4 

FSL 

BPT4-21 

150-157 

59-62 

15.1 

35.9 

49.0 

20.6 

15.3 

5.1 

28.7 

12.9 

2.2 

0.1 

43.9 

L 
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SAMPLE  # 


NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  A1  BASE  SAT  ORG  - pH - 

ITY  Al  SAT  C 

Ca  Mg  Na  K  SUM  SUM  NH4  BASES  SUM  NH4  CaC12  H20 

BASES  CATS  OAc  +A1  OAc  -OIM 

- meq/100  g -  - % - 


BPT401 

13.3 

3.9 

0.0 

.3 

17.5 

6.4  — 

23.9 

19.9  — 

— 

73 

88 

3.8 

6.3 

6.6 

BPT402 

6.2 

2.0 

0.0 

.2 

8.3 

5.3 

13.7 

11.2  — 

— 

61 

75 

1.6 

5.9 

6.3 

BPT403 

4.6 

1.6 

0.0 

.1 

6.3 

5.2 

11.5 

9.3  — 

— 

55 

68 

1.0 

5.6 

6.2 

BPT404 

3.9 

1.2 

0.0 

.1 

5.2 

5.1  — 

10.3 

8.3  — 

— 

50 

62 

0.8 

5.5 

6.1 

BPT405 

3.5 

.8 

0.0 

.1 

4.4 

4.8  -- 

9.2 

7.7  — 

— 

48 

57 

0.7 

5.3 

5.9 

BPT406 

3.3 

.8 

0.0 

.1 

4.2 

4.3 

8.5 

6.9  — 

— 

49 

61 

0.5 

5.4 

6.0 

BPT407 

3.1 

.8 

0.0 

.1 

4.0 

4.4  — 

8.3 

7.0  -- 

— 

48 

57 

0.5 

5.5 

6.1 

BPT408 

3.2 

.8 

0.0 

.1 

4.1 

3.7  — 

7.8 

6.1  — 

— 

53 

67 

0.4 

5.6 

6.2 

BPT409 

3.1 

.8 

0.0 

.1 

4.0 

4.1 

8.1 

6.3  — 

— 

49 

63 

0.3 

5.6 

6.3 

BPT410 

3.2 

.8 

0.0 

.1 

4.1 

3.8  — 

7.9 

5.8  — 

— 

52 

71 

0.3 

5.7 

6.2 

BPT411 

3.8 

.8 

TR 

.1 

4.7 

3.8  — 

8.5 

5.9  — 

— 

55 

80 

0.3 

5.9 

6.5 

BPT412 

3.4 

.8 

TR 

.1 

4.3 

4.1 

8.3 

6.2  — 

— 

51 

69 

0.3 

5.8 

6.4 

BPT413 

3.1 

.8 

.1 

.1 

4.1 

3.9 

8.0 

6.2  — 

— 

51 

66 

0.2 

5.7 

6.3 

BPT414 

3.1 

.8 

TR 

.1 

4.0 

3.7 

7.7 

6.0  — 

— 

52 

67 

0.2 

5.6 

6.2 

BPT415 

2.8 

.8 

TR 

.1 

3.7 

3.6 

7.3 

5.9  — 

— 

51 

63 

0.2 

5.7 

6.3 

BPT416 

2.8 

.8 

TR 

.1 

3.7 

3.5 

7.2 

6.0  — 

— 

51 

62 

0.2 

5.8 

6.4 

BPT417 

2.9 

.8 

TR 

.1 

3.8 

3.7 

7.5 

6.1  -- 

— 

51 

62 

0.2 

5.8 

6.3 

BPT418 

2.6 

1.2 

TR 

.1 

3.9 

4.0 

7.9 

6.2  — 

— 

49 

63 

0.2 

5.6 

6.3 

BPT419 

2.8 

1.2 

TR 

.1 

4.1 

3.8 

7.9 

6.2  — 

— 

52 

66 

0.2 

5.9 

6.5 

BPT420 

2.8 

1.2 

TR 

.1 

4.1 

3.1 

7.2 

6.2  -- 

— 

57 

66 

0.2 

5.8 

6.4 

BPT421 

2.8 

1.6 

.2 

.1 

4.7 

3.0  — 

7.7 

6.1  -- 

— 

61 

77 

0.2 

5.9 

6.6 
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Appendix  B  Soil  Laboratory  Data 


Fort  Leonard  Wood  sample  data 


3-10-95 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH  HORIZON 
in 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

VF 
.05 
; . 10 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

—————•%  Or  s 

2mm-—- 

BPT4-22 

157-165 

62-65 

16.8 

42.6 

40.6 

26.4  16.3 

6.1 

25.5 

7.8 

1.1 

0.1 

34.5 

L 

BPT4-23 

165-173 

65-68 

16.6 

47.0 

36.4 

28.0  19.0 

6.1 

24.8 

4.9 

0.5 

0.1 

30.3 

L 

BPT4-24 

173-178 

68-70 

16.9 

47.4 

35.8 

28.4  19.0 

6.3 

25.2 

3.9 

0.3 

0.0 

29.5 

L 

BPT4-25 

178-185 

70-73 

16.3 

50.2 

33.5 

29.4  20.8 

6.3 

24.3 

2.7 

0.2 

0.0 

27.2 

SIL 

BPT4-26 

185-193 

73-76 

18.6 

55.8 

25.5 

34.7  21.2 

6.6 

16.9 

1.9 

0.1 

0.0 

18.9 

SIL 

SAMPLE  £ 

NH40AC  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID¬ 

ITY 

_ 

EXTR 

Al 

SUM 

CATS 

-CEC . 

NH4  BASES 
OAc  +A1 

Al 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

_ _ 

ORG 

C 

— pH- 

CaC12 
.  01M 

H20 

--uitjq/  jluu  g 

22 

2.8 

1.6 

TR 

.1 

4.5 

3.1 

— 

7.6 

7.2 

— 

— 

59 

63 

0.2 

5.8 

6.6 

23 

3.1 

1.9 

TR 

.1 

5.1 

3.5 

— 

8.6 

7.7 

— 

— 

59 

66 

0.2 

6.0 

6.5 

24 

3.3 

1.6 

TR 

.1 

5.0 

3.1 

— 

8.1 

7.8 

— 

— 

62 

64 

0.2 

5.7 

6.3 

25 

3.4 

2.0 

.1 

.1 

5.6 

3.4 

— 

9.0 

7.6 

— 

— 

62 

74 

0.2 

5.7 

6.3 

26 

3.3 

2.0 

.1 

.1 

5.5 

3.8 

— 

9.3 

8.6 

— 

-- 

59 

64 

0.2 

5.5 

6.2 
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Fort  Leonard  Wood  sample  data 
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MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON  CLAY 
< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

Os  s 

VF 

.05 

-.10 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

BPT5-1 

0-5 

0-2 

14.2 

64.4 

21.4 

37.1 

27.2 

5.8 

11.8 

3.2 

0.4 

0.1 

15.6 

SIL 

BPT5-2 

5-15 

2-6 

14.9 

62.8 

22.3 

38.2 

24.6 

5.9 

12.8 

2.8 

0.4 

0.4 

16.4 

SIL 

BPT5-3 

15-20 

6-8 

13.8 

64.2 

21.9 

39.0 

25.2 

6.5 

12.2 

2.7 

0.4 

0.2 

15.4 

SIL 

BPT5-4 

20-28 

8-11 

14.9 

65.3 

19.8 

39.1 

26.2 

6.5 

11.3 

1.7 

0.2 

0.2 

13.3 

SIL 

BPT5-5 

28-33 

11-13 

18.4 

62.9 

18.7 

38.0 

24.9 

5.9 

11.3 

1.4 

0.1 

0.0 

12.8 

SIL 

BPT5-6 

33-41 

13-16 

19.4 

61.6 

18.9 

36.5 

25.1 

6.0 

11.4 

1.4 

0.1 

0.1 

12.9 

SIL 

BPT5-7 

41-48 

16-19 

18.7 

61.9 

19.4 

37.4 

24.6 

6.3 

11.7 

1.3 

0.1 

0.0 

13.1 

SIL 

BPT5-8 

48-53 

19-21 

19.8 

60.7 

19.5 

36.8 

24.0 

6.2 

11.7 

1.3 

0.1 

0.1 

13.3 

SIL 

BPT5-9 

53-64 

21-25 

20.3 

60.0 

19.8 

35.6 

24.4 

6.2 

12.1 

1.3 

0.1 

0.0 

13.6 

SIL 

BPT5-10 

64-71 

25-28 

20.3 

59.7 

20.0 

35.2 

24.5 

6.3 

12.3 

1.3 

0.1 

0.0 

13.7 

SIL 

BPT5-11 

71-79 

28-31 

20.8 

59.1 

20.0 

35.1 

24.1 

6.3 

12.3 

1.2 

0.1 

0.0 

13.7 

SIL 

BPT5-12 

79-86 

31-34 

20.5 

59.6 

19.9 

35.4 

24.2 

6.3 

12.2 

1.4 

0.1 

0.0 

13.6 

SIL 

BPT5-13 

86-91 

34-36 

18.2 

62.1 

19.7 

37.2 

24.9 

6.2 

12.1 

1.2 

0.2 

0.0 

13.5 

SIL 

BPT5-14 

91-99 

36-39 

19.2 

61.5 

19.4 

35.6 

25.9 

6.2 

11.7 

1.4 

0.1 

0.0 

13.2 

SIL 

BPT5-15 

99-107 

39-42 

21.0 

61.2 

17.8 

37.5 

23.6 

5.5 

11.0 

1.2 

0.1 

0.0 

12.3 

SIL 

BPT5-16 

107-114 

42-45 

20.0 

62.5 

17.5 

37.3 

25.2 

5.4 

10.6 

1.4 

0.1 

0.0 

12.1 

SIL 

B44 
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SAMPLE  #  NH40Ac  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  A1  BASE  SAT  ORG  — pH- 

m  AX  SAT  c 


Ca  Mg  Na  K  SUM 
BASES 

- meq/100  g- 


BPT501 

8.0 

1.9 

TR 

.2 

10.1 

5.2 

-- 

BPT502 

4.7 

1.2 

.1 

.1 

6.1 

5.6 

— 

BPT503 

4.0 

.8 

TR 

.1 

4.9 

5.1 

— 

BPT504 

4.1 

.4 

.1 

.1 

4.7 

4.5 

— 

BPT505 

3.6 

.8 

0.0 

.1 

4.5 

3.9 

— 

BPT506 

4.0 

.8 

0.0 

.2 

5.0 

3.7 

— 

BPT507 

3.6 

.8 

TR 

.1 

4.5 

3.7 

-- 

BPT508 

4.3 

.8 

0.0 

.2 

5.3 

3.8 

— 

BPT509 

4.1 

.8 

TR 

.2 

5.1 

3.4 

— 

BPT510 

4.5 

1.2 

TR 

.2 

5.9 

3.5 

— 

BPT511 

4.3 

1.2 

TR 

.2 

5.7 

3.7 

~ 

BPT512 

4.3 

1.2 

TR 

.2 

5.7 

4.0 

-- 

BPT513 

4.0 

1.5 

0.0 

.2 

5.7 

3.9 

— 

BPT514 

3.8 

1.6 

0.0 

.2 

5.6 

3.9 

— 

BPT515 

4.0 

1.6 

0.0 

.2 

5.8 

4.8 

-- 

BPT516 

3.8 

1.6 

TR 

.2 

5.6 

4.3 

— 

Appendix  B  Soil  Laboratory  Data 


SUM 

CATS 

NH4 

OAc 

BASES 

+A1 

SUM 

NH4 

OAc 

_<v 

CaC12 

.01M 

H20 

15.3 

12.3 

_ 

_ 

66 

'o - 

82 

2.1 

5.9 

6.2 

11.7 

9.3 

— 

— 

52 

66 

1.0 

5.2 

5.8 

10.0 

8.1 

— 

— 

49 

60 

0.7 

5.2 

5.7 

9.2 

7.8 

— 

— 

51 

60 

0.5 

5.1 

5.8 

8.3 

7.1 

— 

— 

54 

63 

0.3 

5.5 

6.1 

8.7 

7.6 

— 

— 

57 

66 

0.3 

5.4 

6.0 

8.2 

7.8 

— 

— 

55 

58 

0.3 

5.4 

6.0 

9.1 

7.7 

— 

— 

58 

69 

0.3 

5.4 

6.1 

8.5 

7.9 

— 

— 

60 

65 

0.2 

5.5 

6.1 

9.3 

8.0 

— 

— 

63 

74 

0.2 

5.5 

6.1 

9.3 

8.0 

— 

— 

61 

71 

0.2 

5.5 

6.1 

9.7 

8.1 

— 

— 

59 

70 

0.2 

5.5 

6.0 

9.6 

7.9 

— 

— 

59 

72 

0.2 

5.5 

6.1 

9.5 

7.7 

— 

— 

59 

73 

0.2 

5.4 

6.1 

10.6 

8.1 

— 

— 

55 

72 

0.2 

5.4 

6.1 

9.8 

7.9 

-- 

-- 

57 

71 

0.2 

5.4 

6.1 

B45 


Fort  Leonard  Wood  sample  data 


3-10-95 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

In 

HORIZON 

CLAY 

< 

.002 

TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

- SI 

FINE 

.002 

-.02 

:lt — 

COARSE 
.02 
-.05 
i  of  < 

:  vf 

.05 

-.10 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

BPT5-17 

114-122 

45-48 

16.3 

63.5 

20.2 

38.3 

25.1 

5.8 

12.6 

1.5 

0.1 

0.0 

14.3 

SIL 

BPT5-18 

122-130 

48-51 

18.1 

62.7 

19.2 

38.4 

24.3 

5.1 

12.2 

1.8 

0.1 

0.0 

14.2 

SIL 

BPT5-19 

130-137 

51-54 

19.9 

61.1 

19.0 

38.2 

22.9 

4.1 

12.4 

2.3 

0.1 

0.0 

14.9 

SIL 

BPT5-20 

137-145 

54-57 

20.1 

58.8 

21.2 

37.5 

21.3 

4.4 

13.9 

2.7 

0.1 

0.0 

16.8 

SIL 

BPT5-21 

145-152 

57-60 

19.0 

58.0 

23.0 

35.1 

22.9 

4.4 

15.3 

3.0 

0.2 

0.0 

18.6 

SIL 

BPT5-22 

152-160 

60-63 

20.1 

57.4 

22.5 

35.7 

21.7 

4.5 

15.0 

2.9 

0.2 

0.0 

18.1 

SIL 

BPT5-23 

160-168 

63-66 

20.3 

59.0 

20.7 

36.3 

22.7 

4.3 

13.8 

2.5 

0.2 

0.0 

16.5 

SIL 

BPT5-24 

168-175 

66-69 

20.9 

60.3 

18.8 

38.5 

21.8 

3.9 

12.6 

2.2 

0.1 

0.0 

14.9 

SIL 

BPT5-25 

175-183 

69-72 

21.1 

60.4 

18.4 

39.2 

21.2 

3.8 

12.4 

2.1 

0.2 

0.0 

14.7 

SIL 

BPT5-26 

183-191 

72-75 

20.5 

60.2 

19.3 

39.4 

20.8 

3.8 

13.3 

2.1 

0.1 

0.0 

15.5 

SIL 

BPT5-27 

191-198 

75-78 

21.2 

59.4 

19.4 

38.8 

20.6 

3.9 

13.2 

2.1 

0.2 

0.0 

15.6 

SIL 

SAMPLE  # 

WHZj.fi  A  r  'P'VTPAfiTART  TT 

BASES 

SUM 

BASES 

ACID¬ 

ITY 

A1 

SAT 

BASE 

SUM 

SAT 

NH4 

OAc 

ORG 

C 

Ca  Mg 

Na 

K 

A1 

SUM 

CATS 

NH4 

OAc 

BASES 

+A1 

— pn - 

CaC12  H20 
.01M 

0—  —  —  — 

17 

3.0  1.5 

0.0 

.1 

4.6 

4.1 

— 

8.7 

6.6 

~ 

-- 

53 

70 

0.2 

5.3 

6.0 

18 

3.1  1.6 

0.0 

.1 

4.8 

3.9 

— 

8.7 

7.1 

— 

— 

55 

68 

0.2 

5.3 

5.9 

19 

3.8  2.0 

0.0 

.2 

6.0 

3.9 

— 

9.8 

8.3 

— 

— 

61 

72 

0.2 

5.3 

5.9 

20 

3.3  2.0 

TR 

.2 

5.5 

4.1 

— 

9.6 

8.0 

— 

— 

57 

69 

0.2 

5.3 

-5.9 

21 

3.1  2.0 

0.0 

.2 

5.3 

4.6 

— 

9.8 

8.0 

— 

— 

54 

66 

0.2 

5.2 

5.9 

22 

3.4  2.0 

0.0 

.2 

5.6 

5.0 

— 

10.6 

8.3 

— 

— 

53 

67 

0.2 

5.2 

5.9 

23 

3.6  2.0 

TR 

.2 

5.8 

5.3 

— 

11.1 

8.7 

— 

— 

52 

67 

0.2 

5.2 

5.9 

24 

3.8  2.4 

0.0 

.2 

6.4 

5.2 

— 

11.6 

9.2 

— 

— 

55 

70 

0.2 

5.2 

5.9 

25 

4.2  2.3 

.1 

.2 

6.8 

5.6 

— 

12.4 

9.3 

— 

— 

55 

73 

0.2 

5.1 

5.8 

26 

4.5  1.9 

TR 

.2 

6.6 

5.6 

— 

12.2 

9.1 

— 

— 

54 

73 

0.2 

5.2 

5.9 

27 

4.5  2.0 

TR 

.2 

6.7 

4.9 

-- 

11.6 

9.3 

— 

— 

58 

72 

0.2 

5.2 

5.9 

B46 
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Fort  Leonard  Wood  sample  data 


3-10-95 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON  CLAY 
< 

.002 

-TOTAL - 
SILT 
.002 
-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

9/  s 

:  vf 

.05 

:.io 

F 

.10 

-.25 

- SA 

M 

.25 

-.50 

ND— 

C 

.5 

-1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

^  or  \ 

2mm — ■ 

BPT5W-1 

0-8 

0-3 

15.8 

64.9 

19.3 

40.5 

24.4 

5.2 

9.9 

3.1 

0.7 

0.4 

14.1 

SIL 

BPT5W-2 

8-18 

3-7 

12.9 

64.6 

22.5 

42.4 

22.2 

5.5 

10.9 

3.7 

1.4 

1.1 

17.0 

SIL 

BPT5W-3 

18-23 

7-9 

15.3 

65.9 

18.8 

44.1 

21.9 

4.9 

8.6 

3.0 

1.2 

1.1 

13.9 

SIL 

BPT5W-4 

23-30 

9-12 

16.3 

64.4 

19.3 

42.0 

22.4 

5.2 

9.1 

3.0 

1.1 

0.8 

14.1 

SIL 

BPT5W-5 

30-36 

12-14 

16.9 

61.7 

21.4 

40.5 

21.2 

5.2 

9.9 

3.4 

1.6 

1.4 

16.2 

SIL 

BPT5W-6 

36-43 

14-17 

17.7 

58.2 

24.2 

37.4 

20.8 

5.1 

11.0 

3.7 

2.6 

1.8 

19.0 

SIL 

BPT5W-7 

43-51 

17-20 

19.7 

56.4 

23.8 

38.6 

17.8 

5.3 

11.8 

3.9 

1.7 

1.2 

18.6 

SIL 

BPT5W-8 

51-58 

20-23 

16.8 

57.2 

26.0 

37.8 

19.5 

4.7 

12.3 

4.4 

2.5 

2.1 

21.4 

SIL 

BPT5W-9 

58-69 

23-27 

15.5 

55.7 

28.7 

35.3 

20.4 

4.7 

13.0 

5.3 

3.5 

2.2 

24.0 

SIL 

BPT5W-10 

69-76 

27-30 

14.3 

57.1 

28.6 

36.1 

20.9 

4.9 

13.9 

4.8 

2.5 

2.5 

23.7 

SIL 

BPT5W-11 

76-84 

30-33 

13.8 

55.5 

30.7 

35.0 

20.6 

4.9 

14.1 

5.2 

3.0 

3.5 

25.7 

SIL 

SAMPLE  # 

NH40Ac  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID¬ 

ITY 

EXTR 

A1 

SUM 

CATS 

— CEC- . 

NH4  BASES 
OAc  +A1 

A1 

SAT 

BASE 

SUM 

0 

SAT 

NH4 

OAc 

ORG 

C 

— pH- 

CaC12 
.  01M 

H20 

° 

BPT5W01 

7.2 

2.4 

TR 

.2 

9.8 

7.2 

0.0 

17.0 

13.0 

9.8 

0 

58 

75 

2.2 

5.7 

6.1 

BPT5w02 

5.8 

1.5 

TR 

.1 

7.4 

6.9 

0.0 

14.3 

10.5 

7.4 

0 

52 

70 

1.3 

5.5 

6.1 

BPT5w03 

5.7 

1.6 

TR 

.1 

7.4 

6.6 

0.0 

14.0 

10.9 

7.4 

0 

53 

68 

1.1 

5.3 

5.9 

BPT5W04 

5.3 

1.1 

TR 

.1 

6.5 

7.1 

0.0 

13.6 

10.9 

6.5 

0 

48 

60 

1.0 

5.1 

5.7 

BPT5w05 

5.7 

1.2 

.1 

.1 

7.1 

7.0 

.1 

14.1 

11.0 

7.2 

1 

50 

65 

1.0 

5.1 

5.7 

BPT5w06 

6.5 

1.2 

.1 

.1 

7.9 

7.7 

.1 

15.6 

10.9 

8.0 

1 

51 

72 

0.7 

5.1 

5.7 

BPT5v07 

4.9 

1.1 

.1 

.1 

6.2 

6.1 

.2 

12.3 

10.0 

6.4 

3 

50 

62 

0.6 

5.0 

5.6 

BPT5w08 

4.0 

1.2 

.1 

TR 

5.3 

6.0 

.4 

11.3 

9.1 

5.7 

7 

47 

58 

0.5 

4.9 

5.6 

BPT5w09 

3.1 

.8 

.1 

.1 

4.1 

5.9 

.5 

10.0 

7.7 

4.6 

11 

41 

53 

0.4 

4.8 

5.4 

BPTSwlO 

2.4 

.8 

.1 

TR 

3.3 

5.3 

.7 

8.6 

6.8 

4.0 

18 

38 

49 

0.3 

4.7 

5.3 

BPTSwll 

1.9 

.8 

.1 

TR 

2.8 

5.3 

.8 

8.1 

6.4 

3.6 

22 

35 

44 

0.3 

4.6 

5.3 
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Fort  Leonard  Wood  sample  data 
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MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

■TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

- S 

FINE 

.002 

-.02( 

ILT . — 

COARSE  VF 
.02  .05 

-.05  -.10 

y  /  0 _ 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

BPT5W-12 

84-89 

33-35 

16.4 

55.2 

28.4 

35.8 

19.4 

4.4 

13.1 

6.9  2.7 

1.2 

23.9 

SIL 

BPT5W-13 

89-97 

35-38 

15.1 

55.8 

29.0 

34.7 

21.1 

4.9 

13.6 

6.3  2.8 

1.4 

24.2 

SIL 

BPT5W-14 

97-104 

38-41 

12.6 

52.4 

35.0 

33.2 

19.2 

5.0 

14.0 

6.5  4.5 

5.0 

30.0 

SIL 

BPT5W-15 

104-109 

41-43 

15.1 

55.5 

29.4 

35.4 

20.1 

4.9 

13.4 

6.5  2.9 

1.7 

24.5 

SIL 

BPT5W-16 

109-119 

43-47 

16.3 

55.9 

27.7 

35.7 

20.3 

4.5 

13.3 

6.9  2.2 

0.8 

23.2 

SIL 

BPT5W-17 

119-127 

47-50 

17.2 

54.2 

28.6 

34.7 

19.5 

4.1 

13.4 

8.2  2.2 

0.7 

24.6 

SIL 

BPT5W-18 

127-137 

50-54 

16.8 

51.5 

31.8 

33.2 

18.3 

3.5 

13.8 

10.3  3.0 

1.2 

28.3 

SIL 

BPT5W-19 

137-145 

54-57 

16.6 

48.4 

35.0 

32.8 

15.6 

3.2 

13.3 

11.6  4.3 

2.6 

31.8 

L 

BPT5W-20 

145-152 

57-60 

17.8 

47.4 

34.9 

32.1 

15.3 

3.2 

13.9 

11.3  4.3 

2.2 

31.7 

L 

BPT5W-21 

152-160 

60-63 

16.8 

48.9 

34.2 

33.0 

16.0 

3.1 

13.8 

11.4  4.2 

1.7 

31.1 

L 

BPT5W-22 

160-168 

63-66 

18.8 

50.2 

31.1 

34.6 

15.6 

3.1 

12.9 

9.1  3.9 

2.0 

27.9 

SIL 

BPT5W-23 

168-183 

66-72 

20.3 

55.2 

24.5 

38.7 

16.5 

3.1 

10.7 

5.8  3.0 

1.8 

21.4 

SIL 

BPT5W-24 

183-191 

72-75 

20.8 

60.6 

18.6 

42.0 

18.5 

3.0 

7.9 

3.3  2.3 

2.2 

15.7 

SIL 

BPT5W-25 

191-198 

75-78 

23.5 

64.8 

11.7 

47.1 

17.8 

2.3 

4.8 

1.8  1.4 

1.4 

9.4 

SIL 

SAMPLE  # 

NH40Ac  EXTRACTABLE  RASES 

ACID-  EXTR 
ITY  A1 

_ mm  _ 

A1 

SAT 

BASE 

SUM 

SAT  ORG 

C 

NH4 

OAc 

Ca  Mg 

Na 

K 

SUM 

BASES 

SUM 

CATS 

^£1^ - - 

NH4  BASES 
OAc  +A1 

— PH— - 

CaC12  H20 
-01M 

12 

1.4  .7 

0.0 

.1 

2.2 

6.3  .8 

8.5 

6.3 

3.0 

27 

- $ 

26 

35  0.2 

4.4 

-5.2 

13 

1.4  .8 

0.0 

TR 

2.2 

5.8 

.9 

8.0 

6.6 

3.1 

29 

28 

33  0.2 

4.5 

5.2 

14 

1.0  .8 

0.0 

TR 

1.9 

5.6 

.8 

7.5 

6.6 

2.7 

30 

25 

29  0.2 

4.5 

5.3 

15 

1.9  .8 

0.0 

.1 

2.8 

5.9 

1.0 

8.7 

7.8 

3.8 

26 

32 

36  0.1 

4.4 

5.2 

16 

1.9  1.2 

0.0 

.1 

3.2 

5.7 

1.1 

8.8 

8.6 

4.3 

26 

36 

37  0.1 

4.4 

5.2 

17 

1.9  1.2 

TR 

.1 

3.2 

5.9 

.9 

9.1 

7.4 

4.1 

22 

35 

43  0.1 

4.4 

5.2 

18 

1.6  1.5 

.1 

.1 

3.3 

6.4 

.8 

9.7 

8.8 

4.1 

20 

34 

37  0.1 

4.4 

5.3 

19 

1.6  1.5 

TR 

.1 

3.2 

5.9 

.7 

9.1 

7.7 

3.9 

18 

35 

42  0.1 

4.5 

5.3 

20 

1.9  1.6 

TR 

.1 

3.6 

5.6 

.6 

9.2 

7.7 

4.2 

14 

39 

47  0.1 

4.5 

5.3 

21 

1.9  1.6 

.1 

.1 

3.7 

7.4 

.5 

11.1 

10.6 

4.2 

12 

33 

35  0.1 

4.5 

5.3 

22 

2.4  2.4 

.1 

.1 

5.0 

5.1 

.5 

10.1 

8.7 

5.5 

9 

50 

57  0.1 

4.6 

5.3 

23 

2.6  2.8 

.1 

.1 

5.6 

6.4 

.5 

12.0 

10.6 

6.1 

8 

47 

53  0.1 

4.6 

5.3 

24 

2.8  2.7 

.2 

.1 

5.8 

6.8 

.5 

12.6 

9.6 

6.3 

8 

46 

60  0.1 

4.7 

5.4 

25 

3.3  3.4 

.2 

.1 

7.0 

7.3 

.5 

14.3 

12.0 

7.5 

7 

49 

58  0.1 

4.7 

5.4 
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Appendix  B  Soil  Laboratory  Data 


Fort  Leonard  Wood  sample  data 


3-10-95 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON  CLAY 
< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 

-.02  -.05 

0/  ✓ 

;  vf 

.05 

-.10 

i  i 

•  •  i 

1 

InO  1 

- SA 

M 

.25 

-.50 

ND - 

C 

.5 

-1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

2mm--* 

BPT7CO-1 

0-8 

0-3 

11.1 

59.6 

29.3 

38.7 

20.9 

1.5 

10.8 

9.2 

4.6 

3.1 

27.7 

SIL 

PBT7CO-2 

8-23 

3-9 

12.2 

62.5 

25.3 

42.1 

20.4 

1.3 

9.5 

8.7 

3.9 

1.9 

24.0 

SIL 

BPT7CO-3 

23-43 

9-17 

21.6 

59.0 

19.3 

41.1 

17.9 

1.2 

7.4 

6.4 

2.8 

1.5 

18.1 

SIL 

BPT7CO-4 

43-71 

17-28 

27.7 

48.8 

23.5 

34.3 

14.4 

1.3 

9.3 

8.0 

3.3 

1.6 

22.3 

CL 

BPT7CO-5 

76-102 

30-40 

19.5 

43.3 

37.2 

28.7 

14.6 

2.3 

15.1 

12.3 

4.9 

2.6 

34.9 

L 

BPT7CO-6 

127-152 

50-60 

15.2 

41.9 

42.9 

26.3 

15.6 

2.5 

13.8 

11.7 

5.6 

9.4 

40.4 

L 

BPT7CO-7 

178-198 

70-78 

25.2 

47.4 

27.4 

30.9 

16.5 

1.5 

9.6 

8.3 

3.4 

4.6 

25.9 

L 

SAMPLE  #  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  - CEC- .  A1  BASE  SAT  ORG  -—pH - 

ITY  A1  SAT  C 


Ca 

Mg 

Na 

K 

SUM 

BASES 

SUM  NH4 
CATS  OAc 

BASES 

+A1 

SUM 

NH4 

OAc 

CaC12  H20 
.01M 

BPT7co01 

2.1 

1.2 

TR 

.3 

3.6 

7.9 

.3 

11.5 

9.7 

3.9 

8 

31 

37 

2.0 

4.7 

5.3 

BPT7co02 

.5 

.8 

0.0 

.2 

1.5 

6.1 

.8 

7.6 

5.8 

2.3 

35 

20 

26 

0.6 

4.5 

5.1 

BPT7co03 

.9 

1.6 

0.0 

.2 

2.7 

6.0 

1.7 

8.7 

8.0 

4.4 

39 

31 

34 

0.2 

4.4 

5.0 

BPT7co04 

2.7 

3.2 

TR 

.3 

6.2 

6.8 

1.6 

13.0 

11.5 

7.8 

21 

48 

54 

0.2 

4.5 

5.1 

BPT7co05 

1.2 

2.0 

.2 

.1 

3.5 

8.5 

3.8 

12.0 

10.1 

7.3 

52 

29 

35 

0.1 

4.1 

4.8 

BPT7co06 

1.0 

2.8 

.8 

.1 

4.7 

5.8 

1.7 

10.5 

8.6 

6.4 

27 

45 

55 

0.1 

4.3 

4.9 

BPT7co07 

1.7 

3.1 

1.3 

.1 

6.2 

4.3 

.4 

10.5 

8.6 

6.6 

6 

59 

72 

0.1 

4.7 

5.0 
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Appendix  B  Soil  Laboratory  Data 


FLW-III  94,  Big  Piney 


Appendix  B  Soil  Laboratory  Data 


B51 


FLW-III  94,  Big  Piney 


Pedon 

Number 

Total  Wt. 

%  Gravel 

BPT5w 

1 

0  -  3 

350 

0 

0 

2 

3  -  7 

429 

0 

0 

3 

7  -  9 

404 

0 

0 

4 

9  -  12 

430 

0 

0 

5 

12  -  14 

412 

0 

0 

6 

14  -  17 

406 

0 

0 

7 

17-20 

465 

0 

0 

8 

20  -  23 

430 

0 

0 

9 

23  -  27 

501 

0 

0 

1  0 

27  -  30 

517 

0 

0 

1  1 

30  -  33 

514 

0 

0 

12 

33  -  35 

500 

0 

0 

13 

35  -  38 

568 

0 

0 

14 

38  -  41 

451 

0 

mm 

15 

41  -  43 

547 

0 

mHEBHK 

1  6 

43  -  47 

450 

0 

0 

1  7 

47  -  50 

473 

0 

0 

18 

50  -  54 

511 

n 

19 

54  -  57 

531 

0 

0 

20 

57  -  60 

483 

0 

0 

21 

60  -  63 

454 

0 

0 

22 

63  -  66 

460 

0 

0 

23 

66  -  72 

446 

0 

0 

24 

72  -  75 

474 

0 

0 

25 

75  -  78 

443 

0 

0 

BPT7co 

1 

0  -  3 

466 

63 

1  4 

2 

3  -  9 

465 

47 

1  0 

3 

9  -  17 

669 

1  6 

2 

4 

17  -  28 

656 

52 

8 

5 

30  -  40 

674 

112 

17 

6 

50  -  60 

1015 

586 

58 

7 

70  -  78 

584 

200 

34 
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Appendix  B  Soil  Laboratory  Data 


*0 

XL 

Ft.  Leonard  Wood  MRU  pedon  10-26-94  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

;  vf 

.05 

-.10 

F 

.10 

-.25 

— s; 

M 

.25 

-.50 

^ND — 
C 
.5 
-1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

l  U1  N 

1 

0-10 

0-4 

Cl 

3.0 

2.8 

94.2 

1.8 

1.0 

0.7 

20.2 

39.1 

20.9 

13.2 

93.5 

COS 

2 

10-23 

4-9 

2C2 

5.7 

9.0 

85.3 

5.0 

4.0 

2.0 

26.1 

31.3 

14.1 

11.7 

83.3 

LCDS 

3 

23-33 

9-13 

3ACb 

5.7 

11.0 

83.3 

7.0 

4.1 

2.3 

34.0 

33.7 

9.6 

3.7 

81.0 

LS 

4 

33-46 

13-18 

3C3 

2.6 

3.4 

94.0 

2.1 

1.3 

0.3 

6.0 

22.7 

34.8 

30.1 

93.7 

COS 

5 

46-58 

18-23 

4ACb2 

4.3 

9.6 

86.1 

7.0 

2.6 

1.3 

16.2 

33.3 

20.8 

14.5 

84.8 

LCOS 

6 

58-71 

23-28 

4ACb2 

2.3 

3.7 

94.0 

2.8 

0.9 

0.2 

7.4 

28.3 

29.8 

28.4 

93.8 

COS 

7 

71-86 

28-34 

5ACb3 

8.4 

17.2 

74.3 

11.5 

5.7 

2.2 

31.7 

27.6 

8.8 

4.0 

72.2 

FSL 

8 

86-97 

34-38 

6C4 

12.1 

26.3 

61.5 

18.9 

7.4 

1.3 

14.5 

20.5 

9.9 

15.3 

60.2 

COSL 

9 

97-109 

38-43 

7ACb4 

7.2 

16.4 

76.4 

11.2 

5.2 

1.8 

20.3 

22.2 

14.9 

17.3 

74.6 

COSL 

10 

109-122 

43-48 

8Ab 

18.9 

60.0 

21.1 

41.0 

19.0 

3.6 

9.9 

3.6 

2.1 

.1.9 

17.5 

SIL 

11 

122-132 

48-52 

9C5 

4.8 

7.3 

87.9 

6.4 

1.0 

0.5 

4.5 

19.4 

36.4 

27.0 

87.4 

COS 

12 

132-142 

52-56 

10Ab2 

16.7 

49.5 

33.8 

32.9 

16.6 

3.3 

18.9 

9.1 

2.3 

0.3 

30.6 

L 

13 

142-152 

56-60 

HCb 

6.2 

12.2 

81.5 

8.7 

3.5 

1.5 

35.6 

27.6 

10.1 

6.7 

80.0 

LS 

14 

152-178 

60-70 

12C7 

5.3 

6.2 

88.4 

4.2 

2.1 

0.4 

5.3 

16.4 

21.2 

45.2 

88.0 

COS 

SAMPLE 

:  #  NH40Ac  EXTRACTABLE  BASES  ACID¬ 
ITY 

Ca  Mg  Na  K  SUM 

BASES' 

_ /if 

EXTR 

Al 

SUM 

CATS 

-CEC- 

NH4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

_ _ <v 

ORG 

C 

— PH‘ 

CaC12 

.01M 

H20 

1 

1.4 

.8 

0.0 

TR 

2.2 

1.3 

— 

3.5 

2.4 

— 

— 

63 

92 

0.2 

6.3 

7.0 

2 

3.1 

1.2 

0.0 

.1 

4.4 

2.0 

— 

6.4 

4.4 

— 

— 

69 

100 

0.4 

6.1 

6.8 

3 

2.9 

1.2 

0.0 

.1 

4.2 

1.9 

— 

6.1 

5.0 

— 

— 

69 

84 

0.5 

5.8 

6.5 

4 

1.2 

.4 

0.0 

TR 

1.6 

1.7 

— 

3.3 

2.4 

— 

— 

48 

67 

0.2 

5.8 

6.6 

5 

1.7 

.8 

0.0 

TR 

2.5 

1.7 

— 

4.2 

3.6 

— 

— 

60 

69 

0.3 

6.0 

6.7 

6 

1.2 

.4 

0.0 

TR 

1.6 

1.7 

— 

3.3 

2.2 

— 

— 

48 

73 

0.1 

6.0 

6.8 

7 

3.4 

1.6 

0.0 

TR 

5.0 

2.6 

- 

7.6 

6.4 

— 

— 

66 

78 

0.6 

5.8 

6.5 

8 

4.1 

2.0 

0.0 

.1 

6.2 

2.9 

— 

9.1 

7.9 

— 

— 

68 

78 

0.7 

5.9 

6.6 

9 

2.6 

1.2 

0.0 

TR 

3.8 

2.1 

— 

5.9 

4.7 

— 

— 

64 

81 

0.4 

5.7 

6.5 

10 

7.3 

3.5 

0.0 

.1 

10.9 

5.4 

- 

16.3 

14.1 

— 

— 

67 

77 

1.4 

5.8 

6.3 

11 

2.2 

.8 

0.0 

TR 

3.0 

2.7 

— 

5.7 

3.5 

— 

— 

53 

86 

0.4 

5.7 

6.5 

12 

5.3 

2.8 

0.0 

.1 

8.2 

4.5 

— 

12.7 

12.3 

— 

— 

65 

67 

1.1 

5.8 

6.4 

13 

2.9 

1.2 

0.0 

TR 

4.1 

2.1 

— 

6.2 

4.8 

— 

— 

66 

85 

0.3 

5.8 

6.6 

14 

1.7 

.8 

0.0 

TR 

2.5 

1.4 

-- 

3.9 

3.5 

— 

— 

64 

71 

0.3 

6.1 

6.7 
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Ft.  Leonard  Wood  MRT2  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  * 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT . 

FINE  COARSE  VF 
.002  .02  .05 
-.02  -.05  -.10 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

1 

0-20 

0-8 

A 

13.8 

36.4 

49.8 

22.0 

14.5 

£.umi — 

5.8 

31.0 

11.0  1.7 

0.2 

44.0 

L 

2 

20-33 

8-13 

AC1 

11.0 

26.9 

62.1 

14.3 

12.6 

6.2 

38.6 

15.2  2.0 

0.2 

55.9 

FSL 

3 

33-46 

13-18 

AC  2 

9.2 

19.8 

71.0 

11.4 

8.4 

4.7 

43.8 

19.8  2.5 

0.2 

66.4 

FSL 

4 

46-58 

18-23 

AC2 

12.8 

26.6 

60.6 

15.4 

11.2 

5.7 

37.0 

15.2  2.3 

0.4 

54.9 

FSL 

5 

58-69 

23-27 

AC3 

12.0 

26.8 

61.3 

14.9 

11.8 

6.7 

42.4 

10.9  1.2 

0.1 

54.5 

FSL 

6 

69-81 

27-32 

AC3 

13.6 

28.1 

58.3 

15.8 

12.3 

6.9 

39.9 

10.3  1.1 

0.1 

51.4 

FSL 

7 

81-102 

32-40 

2Abl 

19.6 

49.1 

31.2 

28.2 

21.0 

7.2 

17.4 

5.5  1.1 

0.1 

24.0 

L 

8 

102-124 

40-49 

2Ab2 

16.7 

40.4 

42.9 

24.0 

16.3 

4.8 

15.3 

14.5  6.3 

2.0 

38.1 

L 

9 

124-150 

49-59 

2ACb 

7.7 

19.4 

72.8 

10.5 

8.9 

2.8 

12.3 

28.7  19.7 

9.4 

70.0 

COSL 

10 

150-168 

59-66 

3Cbl 

1.6 

2.2 

96.2 

0.9 

1.3 

0.5 

13.8 

29.1  24.4 

28.5 

95.8 

COS 

11 

168-180 

66-71 

3Cb2 

2.9 

8.5 

88.6 

4.3 

4.1 

1.5 

19.0 

48.9  17.5 

1.8 

87.1 

S 

12 

180-193 

71-76 

4Ab3 

17.5 

45.1 

37.4 

24.7 

20.4 

5.4 

18.6 

10.3  2.6' 

0.6 

32.0 

L 

SAMPLE  # 

NH40AC  EXTRACTABLE  RASES 

ACID¬ 

ITY 

A1 

SAT 

BASE 

SUM 

SAT  ORG 

C 

NH4 

OAc 

Ca  Mg 

Na 

K  SUM 
BASES 

A1 

i  nn  ~ 

SUM 

CATS 

v-civ,.  - 

NH4  BASES 
OAc  +A1 

- pH- - 

CaC12  H20 
.  01M 

1 

4.8  1.6 

TR 

.1  6.5 

4.2 

10.7 

9.6 

61 

68  1.1 

5.7 

6.3 

2 

4.5  1.2 

.1 

.1  5.9 

3.1 

— 

9.0 

7.5 

— 

— 

66 

79  0.6 

5.9 

6.6 

3 

3.4  .8 

.2 

.1  4.5 

2.7 

— 

7.2 

6.7 

— 

— 

63 

67  0.5 

6.1 

6.9 

4 

4.4  1.2 

.5 

.1  6.2 

3.3 

— 

9.5 

8.8 

— 

-- 

65 

70  0.7 

6.3 

7.2 

5 

3.9  1.2 

.8 

.1  6.0 

2.7 

— 

8.7 

8.0 

— 

-- 

69 

75  0.5 

6.5 

7.5 

6 

4.1  1.2 

1.1 

-1  6.5 

2.9 

— 

9.3 

8.8 

— 

— 

69 

74  0.5 

6.5 

7.5 

7 

5.5  2.0 

1.9 

.1  9.5 

3.9 

— 

13.4 

12.7 

— 

-- 

71 

75  0.7 

6.5 

7.4 

8 

5.2  2.0 

1.6 

.1  8.8 

3.9 

— 

12.8 

11.0 

-- 

-- 

70 

81  0.6 

6.5 

7.2 

9 

2.6  .8 

.6 

.1  4.1 

2.2 

— 

6.3 

5.4 

-- 

-- 

65 

76  0.2 

6.1 

7.0 

10 

.7  .4 

.1 

TR  1.2 

1.8 

— 

3.0 

1.7 

— 

-- 

40 

71  0.1 

5.4 

6.4 

11 

1.0  .4 

.1 

TR  1.5 

2.2 

— 

3.7 

2.6 

— 

— 

41 

58  0.1 

5.3 

6.3 

12 

5.5  2.3 

.5 

.1  8.3 

4.1 

— 

12.5 

11.5 

— 

— 

67 

73  0.5 

5.7 

6.5 

B54 

Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  MRX3  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


„  _  ^  -  - TOTAL . SILT . . SAND - 

SAMPLE  #  DEPTH  DEPTH  HORIZON  CLAY  SILT  SAND  FINE  COARSE  VF  F  M  C  VC  >VF  TEXT 
cm  in  <  .002  .05  .002  .02  .05  .10  .25  .5  1  .10  CLASS 

.002  -.05  -2  -.02  -.05  -.10  -.25  -.50  -1  -2  -2 

- %  0f  <  2mm - - - 


1 

0-20 

0-8 

Ap 

22.4 

68.5 

9.1 

42.8 

25.7 

4.3 

4.3 

0.4 

0.1 

0.2 

4.9 

SIL 

2 

20-41 

8-16 

BA 

22.6 

67.2 

10.2 

43.7 

23.5 

4.3 

5.3 

0.4 

0.1 

0.1 

5.9 

SIL 

3 

41-61 

16-24 

Bwl 

24.6 

67.4 

8.0 

42.4 

25.0 

4.1 

3.7 

0.2 

0.0 

0.0 

3.9 

SIL 

4 

61-81 

24-32 

Bwl 

24.5 

63.3 

12.3 

38.8 

24.5 

4.6 

7.3 

0.4 

0.0 

0.0 

7.7 

SIL 

5 

81-97 

32-38 

Bw2 

25.5 

65.7 

8.9 

41.7 

23.9 

4.4 

4.3 

0.2 

0.0 

0.0 

4.5 

SIL 

6 

97-114 

38-45 

Bw2 

26.6 

67.8 

5.6 

43.9 

23.9 

3.2 

2.2 

0.2 

0.0 

0.0 

2.4 

SIL 

7 

114-137 

45-54 

Bw3 

27.3 

69.7 

3.0 

45.1 

24.6 

2.1 

0.7 

0.1 

0.1 

0.1 

0.9 

SICL 

8 

137-163 

54-64 

Bw4 

28.6 

68.9 

2.5 

45.8 

23.2 

1.8 

0.5 

0.1 

0.1 

0.0 

0.7 

SICL 

SAMPLE  * 

NH40Ac  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID-  EXTR 
ITY  A1 

SUM 

CATS 

— CEC- 

NH4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE 

SUM 

SAT 

NH4 

OAc 

ORG 

C 

— pH- 

CaC12 

.01M 

H20 

1 

9.7 

3.5 

TR 

.2 

13.4 

■  -meq/ iuu  g — 

7.4 

20.8 

18.6 

„ 

7 

64 

72 

2.5 

5.2 

6.0 

2 

9.2 

2.4 

0.0 

.1 

11.7 

6.8 

— 

18.5 

16.6 

— 

— 

63 

70 

1.2 

5.2 

5.8 

3 

8.6 

2.4 

TR 

.1 

11.1 

5.8 

— 

16.9 

15.0 

— 

— 

66 

74 

0.8 

5.2 

5.8 

4 

8.3 

2.4 

0.0 

.2 

11.0 

5.4 

— 

16.4 

14.7 

— 

— 

67 

75 

0.7 

5.4 

6.1 

5 

9.0 

2.4 

0.0 

.2 

11.6 

6.5 

— 

18.1 

15.6 

— 

— 

64 

74 

0.7 

5.4 

6.1 

6 

9.1 

2.8 

0.0 

.2 

12.1 

6.3 

— 

18.4 

16.7 

— 

— 

66 

72 

0.7 

5.4 

6.1 

7 

7.8 

2.4 

0.0 

.2 

10.4 

5.9 

— 

16.3 

15.7 

— 

— 

64 

66 

0.6 

5.4 

6.1 

8 

8.2 

4.4 

TR 

.2 

12.8 

5.9 

— 

18.7 

16.6 

-- 

-- 

68 

77 

0.6 

5.4 

6.0 

Appendix  B  Soil  Laboratory  Data 


B55 


Ft.  Leonard  Wood  MRT4  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

- ] 

CLAY 

< 

.002 

lOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

VF 

.05 

-.10 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC  >VF 

1  .10 
-2  -2 

TEXT 

CLASS 

'0 

UJ.  V 

imm — 

1 

0-15 

0-6 

Ap 

17.2 

52.0 

30.8 

31.1 

20.9 

5.2 

14.1 

7.6 

2.5 

1.4  25.6 

SIL 

2 

15-36 

6-14 

Bw 

17.6 

46.8 

35.6 

25.7 

21.1 

5.3 

16.7 

9.9 

3.0 

0.7  30.3 

L 

3 

36-56 

14-22 

Btl 

14.4 

33.6 

52.0 

18.1 

15.5 

5.0 

25.1 

16.5 

4.7 

0.7  47.0 

L 

4 

56-86 

22-34 

Bt2 

9.8 

22.1 

68.1 

10.6 

11.5 

4.2 

33.6 

22.8 

6.2 

1.3  63.9 

FSL 

5 

86-104 

34-41 

Bt3 

12.1 

23.0 

64.8 

10.6 

12.4 

5.0 

21.7 

21.7 

11.3 

5.2  59.8 

MSL 

6 

104-142 

41-56 

2C1 

1.1 

0.9 

98.0 

0.3 

0.6 

0.1 

3.9 

32.2 

40.0 

22.0  97.9 

COS 

7 

142-163 

56-64 

2C2 

2.8 

2.6 

94.6 

1.0 

1.6 

0.3 

24.8 

57.4 

11.8 

0.4  94.4 

s 

SAMPLE  # 

NH40Ac  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID-  EXTR  - 

ITY  Al 

SUM 

CATS 

— CEC- 

NH4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

-  pH— — 

CaC12  H20 
.01M 

IUC4/  xuu  g 

1 

5.5  1.6 

0.0 

.1 

7.2 

5.9 

— 

13.1 

11.2 

— 

— 

55 

64 

1.3 

5.2  5.8 

2 

5.4  1.2 

0.0 

.1 

6.7 

4.7 

— 

11.4 

10.3 

— 

— 

59 

65 

0.7 

5.2  5.8 

3 

4.1  .8 

0.0 

.1 

5.0 

3.8 

— 

8.8 

7.9 

— 

— 

57 

63 

0.4 

5.3  6.0 

4 

2.9  .8 

0.0 

.1 

3.8 

2.2 

— 

6.0 

5.4 

— 

— 

63 

70 

0.2 

5.3  6.1 

5 

3.4  TR 

0.0 

.1 

3.6 

2.4 

— 

6.0 

6.5 

— 

— 

60 

55 

0.2 

5.6  B.2 

6 

.2  0.0 

0.0 

0.0 

0.2 

.6 

— 

.8 

1.2 

— 

— 

25 

17 

TR 

5.2  6.0 

7 

.7  0.0 

0.0 

0.0 

0.7 

.5 

— 

1.2 

1.5 

-- 

-- 

58 

47 

TR 

5.2  5.9 

B56 


Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  MRT5o  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


- TOTAL . -  —SILT- . . . SAND— . . 

SAMPLE  #  DEPTH  DEPTH  HORIZON  CLAY  SILT  SAND  FINE  COARSE  VF  F  M  C  VC  >VF 


cm 

in 

< 

.002 

.002 

-.05 

.05 

-2 

.002  .02 
-.02  -.05 

.05 

-.10 

.10 

-.25 

.25 

-.50 

.5 

-1 

1 

-2 

.10 

-2 

1 

0-15 

0-6 

Ap 

15.5 

57.0 

27.5 

33.6 

23.4 

6.1 

16.0 

4.4 

0.7 

0.4 

21.4 

2 

15-30 

6-12 

Btl 

17.2 

57.6 

25.2 

32.5 

25.1 

5.8 

14.0 

4.5 

0.8 

0.2 

19.5 

3 

30-43 

12-17 

Btl 

19.6 

62.4 

18.0 

37.5 

24.9 

5.3 

9.2 

2.7 

0.4 

0.2 

12.7 

4 

43-64 

17-25 

Bt2 

22.3 

60.6 

17.1 

35.8 

24.8 

5.3 

9.3 

2.1 

0.3 

0.1 

11.8 

5 

64-81 

25-32 

Bt3 

23.9 

58.1 

18.0 

34.2 

23.9 

5.2 

9.6 

2.8 

0.3 

0.0 

12.8 

6 

81-104 

32-41 

Bt4 

23.0 

52.3 

24.7 

29.4 

22.9 

5.4 

13.5 

5.0 

0.7 

0.1 

19.3 

7 

104-127 

41-50 

2Bt5 

16.9 

36.5 

46.6 

20.1 

16.4 

4.8 

25.7 

13.8 

2.1 

0.2 

41.8 

8 

127-152 

50-60 

2Bt6 

16.0 

33.0 

51.0 

18.0 

15.0 

5.4 

29.8 

13.7 

2.0 

0.1 

45.6 

SAMPLE  #  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  - CEC -  Al  BASE  SAT  ORG  - pH - 

ITY  Al  SAT  C 


Ca  Mg  Na  K  SUM 
BASES 

- meq/100  g- 


1 

4.9 

1.5 

0.0 

.1 

6.5 

7.0 

.1 

2 

4.6 

1.2 

0.0 

.2 

6.0 

6.8 

.1 

3 

4.7 

1.2 

0.0 

.2 

6.1 

6.5 

.2 

4 

5.4 

1.2 

0.0 

.2 

6.8 

5.8 

.1 

5 

5.6 

1.6 

0.0 

.2 

7.4 

5.6 

.1 

6 

4.5 

2.0 

0.0 

.1 

6.6 

5.9 

.2 

7 

2.4 

1.6 

0.0 

.1 

4.1 

5.4 

1.1 

8 

2.0 

1.2 

0.0 

.1 

3.3 

5.2 

1.0 

SUM 

CATS 

NH4 

OAc 

BASES 

+A1 

SUM 

NH4 

OAc 

CaC12 

.01M 

H20 

13.5 

11.0 

6.6 

2 

48 

_ 

' 0 

59 

1.4 

5.0 

5.5 

12.8 

10.4 

6.1 

2 

47 

58 

0.8 

4.9 

5.5 

12.6  10.6 

6.3 

3 

48 

58 

0.7 

4.8 

5.4 

12.6 

10.7 

6.9 

1 

54 

64 

0.5 

4.9 

5.6 

13.0 

11.2 

7.5 

1 

57 

66 

0.3 

5.2 

5.7 

12.5 

10.8 

6.8 

3 

53 

61 

0.3 

4.9 

5.6 

9.5 

8.6 

5.2 

21 

43 

48 

0.2 

4.6 

5.3 

8.5 

7.6 

4.3 

23 

39 

43 

0.2 

4.7 

5.4 

TEXT 

CLASS 

SIL 

SIL 

SIL 

SIL 

SIL 

SIL 

L 

L 


Appendix  B  Soil  Laboratory  Data 


B57 


Ft.  Leonard  Wood  MRX60  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

- SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

a-  v 

:  vf 

.05 

-.10 

F 

.10 

-.25 

- SA 

M 

.25 

-.50 

ND - 

C 

.5 

-1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

'0 

1  UJ.  s 

2mm — 

1 

0-15 

0-6 

Ap 

21.8 

70.5 

7.7 

42.4 

28.1 

1.6 

2.2 

1.5 

1.2 

1.2 

6.1 

SIL 

2 

15-30 

6-12 

Ap 

26.4 

67.0 

6.6 

43.7 

23.3 

1.3 

1.6 

1.3 

1.1 

1.3 

5.3 

SIL 

3 

30-48 

12-19 

Btl 

54.0 

41.6 

4.4 

28.7 

12.9 

0.7 

1.2 

0.8 

0.8 

0.8 

3.7 

SIC 

4 

48-69 

19-27 

Btl 

52.0 

38.7 

9.3 

25.9 

12.8 

1.1 

3.3 

2.1 

1.4 

1.4 

8.2 

c 

5 

69-89 

27-35 

Bt2 

47.6 

39.9 

12.5 

24.7 

15.2 

1.9 

5.1 

3.0 

1.4 

0.9 

10.5 

c 

6 

89-104 

35-41 

2Bt3 

44.5 

42.9 

12.6 

26.0 

16.9 

1.9 

5.2 

3.3 

1.5 

0.8 

10.8 

SIC 

7 

104-119 

41-47 

2Bt3 

41.2 

41.3 

17.6 

23.4 

17.9 

2.5 

7.2 

4.5 

1.9 

1.5 

15.0 

SIC 

SAMPLE  # 

NH40AC  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID¬ 

ITY 

EXTR 

Al 

SUM 

CATS 

— CEC- 

NH4 

OAc 

BASES 

+A1 

Al 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

Pr 

ORG 

C 

— pH- 

CaC12 

.01M 

H20 

UIC4/  iUU  g 

-'0 

1 

4.9 

1.6 

0.0 

.1 

6.6 

10.6 

.1 

17.2 

10.9 

6.7 

1 

38 

61 

2.5 

4.9 

5.4 

2 

5.3 

1.6 

0.0 

.1 

7.0 

8.1 

.1 

15.1 

10.6 

7.1 

1 

46 

66 

1.6 

5.0 

5.6 

3 

11.7 

10.2 

.3 

.3 

22.5 

13.3 

.4 

35.8 

34.0 

22.9 

2 

63 

66 

1.1 

4.9 

5.3 

4 

10.5 

9.1 

.4 

.3 

20.3 

14.1 

.8 

34.4 

30.9 

21.1 

4 

59 

66 

0.9 

4.8 

5.3 

5 

9.5 

8.2 

.4 

.3 

18.4 

10.4 

.3 

28.8 

26.6 

18.7 

2 

64 

69 

0.7 

4.9 

5.4 

6 

9.1 

7.9 

.4 

.3 

17.7 

8.0 

0.0 

25.7 

24.4 

17.7 

0 

69 

73 

0.5 

5.3 

5.8 

7 

8.6 

7.5 

.4 

.3 

16.8 

6.2 

0.0 

23.0 

21.7 

16.8 

0 

73 

77 

0.3 

5.5 

5.8 

B58 


Appendix  B  Soil  Laboratory  Data 


Ft.  Leonard  Wood  MRT6w  pedon  10-26-94  MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


-TOT AT  - 

_ _ OTT  T> _ 

SAMPLE  # 

DEPTH 

DEPTH 

HORIZON 

CLAY 

SILT 

SAND 

fineTcoarse  vf 

F 

M  C 

VC 

>VF 

TEXT 

cm 

in 

< 

.002 

.05 

.002 

.02 

.05 

.10 

.25 

.5 

1 

.10 

CLASS 

.002 

-.05 

-2 

-.02 

-.05 

-.10 

-.25 

-.50 

-1 

-2 

-2 

_  <V  -r  V 

1 

0-13 

0-5 

Ap 

17.2 

72.5 

10.2 

48.2 

24.3 

zmm — 

1.3 

2.5 

2.2 

2.0 

2.2 

9.0 

SIL 

2 

13-28 

5-11 

E 

19.4 

68.6 

12.0 

45.7 

22.9 

1.0 

2.3 

2.2 

2.3 

4.0 

10.9 

SIL 

3 

28-38 

11-15 

Btl 

43.9 

52.6 

*3.5 

35.7 

16.9 

0.6 

1.0 

0.9 

0.6 

0.3 

2.9 

SIC 

4 

38-58 

15-23 

Bt2 

57.2 

40.0 

2.8 

26.1 

13.9 

0.5 

0.9 

0.7 

0.4 

0.3 

2.3 

SIC 

5 

58-81 

23-32 

Bt2 

52.4 

42.9 

4.7 

27.3 

15.5 

0.7 

1.6 

1.3 

0.7 

0.4 

4.0 

SIC 

6 

81-107 

32-42 

2Bt3 

28.2 

54.1 

17.7 

32.8 

21.3 

2.2 

6.6 

5.4 

2.3 

1.1 

15.4 

SICL 

7 

107-132 

42-52 

2Bt3 

31.6 

54.7 

13.7 

33.3 

21.5 

2.0 

4.7 

3.6 

1.7 

1.8 

11.7 

SICL 

SAMPLE  # 

NH40Ac  EXTRACTABLE  BASES 

Ca  Mg  Na  K  SUM 
BASES 

ACID-  EXTR 
ITY  A1 

SUM 

CATS 

— CEC . 

NH4  BASES 
OAc  +A1 

Al. 

SAT 

BASE  SAT 

SUM  NH4 
OAc 

ORG 

C 

—pH 

CaC12 

.01M 

H20 

1 

4.0 

1.6 

TR 

.1 

5.7 

10.5  .3 

16.2 

13.3 

6.0 

5 

35 

43 

1.9 

4.7 

5.5 

2 

2.4 

1.2 

TR 

1  .1 

3.7 

9.8 

1.3 

13.6 

11.9 

5.0 

26 

27 

31 

0.8 

4.4 

5.1 

3 

5.0 

3.9 

.3 

.2 

9.3 

19.1 

7.9 

28.5 

25.4 

17.3 

46 

33 

37 

0.7 

4.2 

4.9 

4 

7.3 

6.2 

.6 

.3 

14.4 

23.2 

10.9 

37.6 

34.7 

25.3 

43 

38 

41 

0.9 

4.1 

4.6 

5 

7.7 

6.4 

.8 

.3 

15.2 

18.1 

7.5 

33.3 

30.7 

22.7 

33 

46 

50 

0.6 

4.2 

4.7 

6 

4.7 

3.5 

.4 

.1 

8.7 

6.5 

1.1 

15.2 

14.2 

9.8 

11 

57 

61 

0.2 

4.7 

5.5 

7 

5.9 

4.3 

.5 

.1 

10.8 

5.5 

0.0 

16.3 

15.6 

10.8 

0 

66 

69 

0.2 

5.2 

5.7 
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Ft.  Leonard  Wood  MRT7  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

- TOTAL- 

CLAY  SILT 
<  .002 
.002  -.05 

SAND 

.05 

-2 

—SILT -  - 

FINE  COARSE  VF 
.002  .02  .05 
-.02  -.05  -.10 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

Ui  V 

Z.M1 

1 

0-13 

0-5 

Ap 

14.4  43.1 

42.5 

27.8 

15.3 

1.6 

14.0 

17.2 

7.4 

2.2 

40.8 

L 

2 

13-33 

'  5-13 

Btl 

25.6  39.7 

34.7 

27.1 

12.6 

1.5 

11.8 

13.3 

6.5 

1.4 

33.2 

L 

3  , 

33-46 

13-18 

Bt2 

24.0  36.6 

39.4 

24.3 

12.3 

1.5 

12.3 

15.7 

7.7 

2.2 

37.9 

L 

4 

46-61 

18-24 

Bt2 

24.5  36.3 

39.2 

24.2 

12.1 

1.7 

13.0 

15.4 

7.4 

1.7 

37.6 

L 

5 

61-71 

24-28 

Bt3 

22.8  36.9 

40.2 

24.2 

12.7 

1.5 

12.8 

15.8 

7.8 

2.3 

38.8 

L 

6 

71-84 

28-33 

Bt3 

19.8  34.1 

46.1 

22.3 

11.8 

1.6 

13.9 

19.0 

9.5 

2.2 

44.5 

L 

7 

84-124 

33-49 

2Bt4 

17.3  32.6 

50.1 

19.9 

12.6 

2.0 

16.5 

19.3 

9.0 

3.3 

48.1 

L 

8 

124-178 

49-70 

2Bt5 

19.9  29.6 

50.5 

17.3 

12.4 

2.0 

16.9 

18.9 

7.8 

4.8 

48.5 

L 

SAMPLE  # 

NNAOAr  FYTPArTART.TT  RAC VQ 

A1 

SAT 

BASE 

SUM 

SAT 

NH4 

OAc 

ORG 

C 

Ca  Mg 

Na 

K  SUM 
BASES 

ITY  A1 

SUM 

CATS 

-— LiJiL." 

NH4 

OAc 

BASES 

+A1 

— pn - 

CaC12  H20 
.01M 

— meq/100  g- 

% - 

1 

3.4  1.2 

0.0 

.3 

4.9 

5.7  0.0 

10.6 

9.0 

4.9 

0 

46 

54 

1.2 

5.0 

5.6 

2 

3.9  2.0 

0.0 

.6 

6.5 

5.9  0.0 

12.4 

10.9 

6.5 

0 

52 

60 

0.4 

5.3 

5.6 

3 

3.6  2.4 

0.0 

.8 

6.8 

4.5  0.0 

11.3  10.6 

6.8 

0 

60 

64 

0.2 

5.1 

5.6 

4 

3.3  2.0 

0.0 

.9 

6.2 

4.8  0.0 

11.0 

10.0 

6.2 

0 

56 

62 

0.2 

5.3 

5.8 

5 

2.9  2.0 

0.0 

.9 

5.8 

4.3  0.0 

10.1 

8.8 

5.8 

0 

57 

65 

0.1 

5.3 

5.9 

6 

2.7  2.0 

0.0 

.8 

5.5 

4.8  0.0 

10.3 

8.8 

5.5 

0 

53 

62 

0.1 

5.1 

5.7 

7 

1.9  1.2 

0.0 

.7 

3.8 

3.8  .1 

7.6 

6.6 

3.9 

3 

50 

58 

0.1 

4.9 

5.7 

8 

2.1  1.6 

0.0 

.7 

4.4 

3.9  .1 

8.3 

6.9 

4.5 

2 

53 

64 

0.1 

4.9 

5.4 
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Ft.  Leonard  Wood  MRTR1  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

-TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT - 

FINE  COARSE 
.002  .02 
-.02  -.05 

;  vf 

.05 

-.10 

F 

.10 

-.25 

- SAND— 

M  C 

.25  .5 

-.50  -1 

VC 

1 

-2 

>VF 

.10 

-2 

TEXT 

CLASS 

o  ux  v 

zmm — 

1 

0-18 

0-7 

A1 

13.5 

30.9 

55.6 

18.5 

12.3 

2.6 

22.5 

20.1 

7.9 

2.4 

53.0 

MSL 

2 

18-33 

7-13 

A1 

10.7 

19.8 

69.5 

11.3 

8.5 

2.0 

22.0 

25.7 

12.9 

7.1 

67.6 

MSL 

3 

33-48 

13-19 

A2 

12.9 

20.2 

66.9 

12.1 

8.2 

2.3 

22.4 

23.5 

10.4 

8.3 

64.6 

MSL 

4 

48-71 

19-28 

2Abl 

18.6 

25.4 

56.0 

15.7 

9.7 

2.2 

16.1 

15.2 

8.2 

14.2 

53.7 

MSL 

5 

71-89 

28-35 

2Ab2 

24.7 

23.9 

51.4 

15.0 

8.9 

1.6 

13.6 

15.7 

9.1 

11.4 

49.8 

SCL 

6 

89-117 

35-46 

2Ab3 

18.9 

16.5 

64.6 

9.7 

6.8 

1.4 

14.4 

25.1 

13.1 

10.5 

63.2 

MSL 

7 

117-130 

46-51 

3Ab4 

22.0 

20.8 

57.2 

13.0 

7.7 

2.0 

19.2 

20.6 

8.3 

7.2 

55.2 

SCL 

8 

130-150 

51-59 

3Ab5 

23.3 

16.7 

60.0 

10.0 

6.7 

1.1 

10.9 

15.4 

10.8 

21.9 

58.9 

SCL 

9 

150-163 

59-64 

3Ab6 

22.6 

14.8 

62.5 

8.8 

6.0 

0.8 

5.8 

12.2 

15.6 

28.1 

61.8 

SCL 

SAMPLE  #  NH40AC  EXTRACTABLE  BASES  ACID-  EXTR  . -CEC .  A1  BASE  SAT  ORG  —  pH - 

TTV  AT  r>  a  rp  ^  r 


Ca 

Mg 

Na 

K  SUM 
BASES 

ITY  A1 

SUM 

CATS 

NH4  BASES 
OAc  +A1 

SAT 

SUM 

NH4 

OAc 

C 

CaC12 

.01M 

H20 

1 

2.1 

1.2 

0.0 

.2 

3.5 

-meq/100  g  - 

7.6  .6 

11.1 

8.6 

4.1 

15 

32 

-% - 

41 

1.0 

4.5 

5.2 

2 

2.9 

1.2 

0.0 

.1 

4.2 

5.7 

0.0 

9.8 

'  7.4 

4.2 

0 

42 

57 

0.7 

4.8 

5.5 

3 

2.4 

1.6 

0.0 

.1 

4.1 

5.2 

0.0 

9.3 

7.3 

4.1 

0 

44 

56 

0.5 

4.8 

5.5 

4 

3.4 

2.0 

0.0 

.1 

5.5 

8,3 

.6 

13.9 

11.2 

6.1 

10 

40 

49 

0.8 

4.5 

5.3 

5 

5.6 

2.4 

0.0 

.1 

8.1 

8.3 

.2 

16.5 

14.1 

8.3 

2 

49 

57 

0.9 

4.7 

5.2 

6 

5.1 

2.8 

TR 

.2 

8.1 

5.0 

0.0 

13.1 

11.4 

8.1 

0 

62 

71 

0.5 

5.2 

5.8 

7 

5.9 

3.6 

TR 

.2 

9.7 

4.5 

0.0 

14.2 

12.2 

9.7 

0 

68 

80 

0.5 

5.7 

6.3 

8 

6.1 

3.9 

TR 

.2 

10.2 

4.2 

0.0 

14.4 

13.0 

10.2 

0 

71 

78 

0.5 

5.9 

6.3 

9 

6.2 

3.9 

TR 

.2 

10.3 

4.3 

0.0 

14.6 

12.9 

10.3 

0 

71 

80 

0.5 

6.0 

6.5 
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Ft-  Leonard  Wood  MRTR2  pedon 


10-26-94 


MISSOURI  SOIL  CHARACTERIZATION  LABORATORY 


SAMPLE  # 

DEPTH 

cm 

DEPTH 

in 

HORIZON 

CLAY 

< 

.002 

TOTAL- 

SILT 

.002 

-.05 

SAND 

.05 

-2 

—SILT . . 

FINE  COARSE  VF 
.002  .02  .05 
-.02  -.05  -.10 

F 

.10 

-.25 

M 

.25 

-.50 

WTO— 

C 

.5 

-1 

VC  >VF 

1  .10 
-2  -2 

TEXT 

CLASS 

1  U1  N 

1 

0-30 

0-12 

Ap 

10.3 

24.2 

65.5 

15.5 

8.7 

2.0 

16.1 

24.0 

11.1 

12.4  63.5 

MSL 

2 

30-51 

12-20 

A 

11.6 

19.5 

68.9 

13.1 

6.5 

1.6 

17.6 

26.9 

15.3 

7.6  67.3 

MSL 

3 

51-69 

20-27 

A 

15.4 

13.7 

70.9 

9.3 

4.4 

0.8 

13.0 

23.9 

15.1 

18.0  70.1 

COSL 

4 

69-89 

27-35 

2Btl 

24.5 

9.0 

66.5 

4.9 

4.1 

0.6 

12.3 

25.6 

16.1 

11.8  65.9 

SCL 

5 

89-109 

35-43 

2Btl 

22.2 

9.1 

68.7 

5.0 

4.1 

0.5 

9.3 

22.4 

17.1 

19.4  68.2 

SCL 

6 

109-135 

43-53 

2Bt2 

28.2 

13.5 

58.3 

9.1 

4.4 

0.6 

7.1 

14.3 

13.5 

22.8  57.7 

SCL 

7 

135-160 

53-63 

2Bt2 

25.0 

8.7 

66.3 

4.9 

3.8 

0.3 

4.7 

17.1 

20.2 

24.0  66.0 

SCL 

SAMPLE  # 

NHAOAr.  TTYTt?  APT  ART  .V  RACTTQ 

ACID¬ 

ITY 

EXTR 

A1 

i  r\r\ 

A1 

SAT 

ORG 

C 

— PH— - 

CaC12  H20 
.01M 

Ca  Mg 

Na 

K  SUM 
BASES 

SUM 

CATS 

- - 

NH4  BASES 
OAc  +A1 

SUM  NH4 
OAc 

* - 

1 

3.1  .8 

TR 

.1  4.0 

8.8 

.1 

12.9 

9.3 

4.1 

2 

31 

43 

1.5 

4.7  5.2 

2 

2.9  .8 

0.0 

.1  3.8 

3.9 

0.0 

7.7 

6.1 

3.8 

0 

49 

62 

0.4 

5.3  6.1 

3 

4.1  2.0 

0.0 

.1  6.2 

3.7 

0.0 

9.8 

8.3 

6.2 

0 

63 

74 

0.4 

5.8  6.6 

4 

5.6  3.2 

TR 

.2  9.0 

2.8 

0.0 

11.8 

11.2 

9.0 

0 

76 

80 

0.3 

5.9  6.5 

5 

5.6  3.2 

0.0 

•  2  9.0 

2.7 

0.0 

11.7 

11.5 

9.0 

0 

77 

78 

0.3 

6.1  6.7 

6 

7.0  4.4 

0.0 

.3  11.7 

3.7 

0.0 

15.4 

14.3 

11.7 

0 

76 

82 

0.3 

6.3  6.8 

7 

6.3  4.0 

0.0 

.2  10.5 

2.6 

0.0 

13.1 

12.6 

10.5 

0 

80 

83 

0.2 

6.4  6.9 
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Number 


1 


2 


3 


-  9 


-  13 


13  -  18 


18  -  23 


23  -  28 


28  -  34 


34  -  38 


38  -  43 


43  -  48 


48  -  52 


52  -  56 


56  -  60 


60  -  70 


32  -  40 


1093 


1515 


821 


1835 


1570 


2568 


908 


1902 


810 


533 


876 


767 


1152 


3142 


Gravel  Wt. 


374 


917 


163 


1488 


1162 


2132 


150 


1638 


525 


1  9 


342 


0 


158 


2546 


0  -  8 

487 

8  -  13 

582 

13  -  18 

546 

18  -  23 

550 

23  -  27 

559 

27  -  32 

556 

%  Gravel 


34 


61 


20 


81 


74 


83 


17 


86 


65 


40  -  49 

521 

2 

0 

49  -  59 

538 

1  6 

3 

59  -  66 

627 

214 

34 

66  -  71 

541 

1 

0 

71  -  76 

466 

0 

0 
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FLW-III  94,  Roubidoux 


Pedon 


MRT50 


MRT6w 


Number 


1 


Total  Wt. 

1  Gravel  Wt. 

%  Gravel 

458 

1 

0 

0  -  5 

322 

1 

0 

5  -  11 

351 

3 

1 

11  -  15 

289 

0 

0 

15  -  23 

397 

0 

0 

23  -  32 

447 

0 

0 

32  -  42 

428 

1 

0 

42  -  52 


-  5 


5  -  13 


13  -  18 


420 

2  * 

511 

3 

18  -  24 

572 

1  9 

3 

24  -  28 

514 

58 

1  1 

28  -  33 

505 

54 

1  1 

33  -  49 

1215 

363 

30 

Page  2 


Appendix  B  Soil  Laboratory  Data 


FLW-III  94,  Roubidoux 


Number 

Depth  (in.) 

Total  Wt. 

Grave!  Wt. 

%  Gravel  i 

MRTR2 

1 

0  -  12 

1233 

777 

63 

2 

12  -  20 

602 

80 

13 

3 

20  -  27 

555 

243 

44 

4 

27  -  35 

579 

304 

53 

5 

35  -  43 

563 

239 

42 

6 

43  -  53 

586 

298 

51 

7 

53  -  63 

601 

262 

44 
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Appendix  C  Radiocarbon  Test  Results 


BETA  ANALYTIC  INC. 

RADIOCARBON  DATING  SERVICES 


Dr.  JERRY  J.  STIPP 
Dr.  MURRY  A.  TAMERS 

CO-CHAIRMEN 

DARDEN  G.  HOOD,  P.G. 
General  Manager 


RONALD  E.  HATFIELD 
Laboratory  Manager 

CHRISTOPHER  PATRICK 
TERESA  A.  ZILKO-MILLER 
Associate  Managers 


Dear  Colleague: 

Enclosed  are  the  radiocarbon  dating  results  on  material  recently 
authorized/submitted  for  analysis.  Please  recall  any  correspondences  or 
communications  we  may  have  had  regarding  sample  integrity,  size,  special 
considerations  or  conversions  from  one  analytical  technique  to  another.  If  we  have 
your  fax  or  E-mail  number  in  our  records,  we  have  sent  the  report  by  electronic  mail 
in  addition  to  the  originals  being  sent  by  normal  first  class  mail. 

Results  are  obtained  on  the  portion  of  suitable  carbon  remaining  after  necessary 
chemical  and  mechanical  pretreatments  of  the  submitted  material.  These  pretreatments 
were  applied  to  isolate  l4C  which  may  best  represent  the  time  event  of  interest.  Along 
with  each  sample  result,  the  individual  analysis  method,  delivery  basis,  material,  and 
chemical  pretreatment  is  also  reported.  Pretreatments  are  defined  in  the  glossary 
enclosed  along  with  the  mailed  report  copy. 

Materials  measured  by  the  radiometric  technique  are  analyzed  by  synthesizing 
sample  carbon  to  benzene  (92%  C),  measuring  for  HC  content  in  one  of  our  68  liquid 
scintillation  spectrometers,  and  then  calculating  for  radiocarbon  age,  AMS  results  are 
derived  from  reduction  of  sample  carbon  to  graphite  (100  %C),  along  with  standards 
and. backgrounds,  followed  by  14C  measurement  and  calculation  in  an  accelerator-mass- 
spectrometer  located  at  one  of  three  collaborating  laboratories;  Lawrence  Livermore 
National  Laboratory  (CAMS)  in  California,  Eidgenossische  Technische  Hochschule 
University  (ETH)  in  Zurich,  or  Oxford  University  (Ox)  in  Oxford,  England. 

The  "Conventional  C14  Age  (*)"  is  the  result  after  applying  Cl  3/C  12 
corrections  to  the  measured  age  and  is  the  most  appropriate  radiocarbon  age  (the  is 
discussed  at  the  bottom  of  the  report  sheet).  Applicable  calendar  calibration  (results  0 
to  10,000  BP  for  organic  material,  0  to  8,300  BP  for  marine  carbonates,  suitable 
materials)  is  reported  separately  with  the  original  report  copy.  It  is  important  to  read 
the  calibration  explanation  sheet  before  interpreting  the  results. 

As  always,  if  you  have  any  specific  questions  regarding  these  analyses,  please 
do  not  hesitate  to  contact  us.  We  thank  you  for  allowing  us  to  participate  in  your 
research  and  appreciate  your  prompt  attention  to  payment. 

Sincerely, 

The  directors  and  professional  staff 


4985  S.W.  74  COURT,  MIAMI,  FL,  33155  U.S.A. 

TELEPHONE:  305-667-5167  /  FAX:  305-663-0964  /  E-MAIL  beto@anolytic.win.net 
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PRETREATMENT  GLOSSARY 


Pretreatment  of  submitted  materials  is  required  to  eliminate  secondary  carbon 
components.  These  components,  if  not  eliminated,  could  result  in  a  radiocarbon  date 
which  is  too  young  or  too  old.  Pretreatment  does  not  ensure  that  the  radiocarbon  date  will 
represent  the  time  event  of  interest.  This  is  determined  by  the  sample  integrity.  The  old 
wood  effect,  burned  intrusive  roots,  bioturbation,  secondary  deposition,  secondary 
biogenic  activity  incorporating  recent  carbon  (bacteria)  and  the  analysis  of  multiple 
components  of  differing  age  are  just  some  examples  of  potential  problems.  The 
pretreatment  philosophy  is  to  reduce  the  sample  to  a  single  component,  where  possible,  to 
minimize  the  added  subjectivity  associated  with  these  types  of  problems. 


"acid/alkali/acid" 

The  sample  was  first  gently  crushed/dispersed  in  deionized  water.  It  was  then  given  hot 
HCI  acid  washes  to  eliminate  carbonates  and  alkali  washes  (NaOH)  to  remove  secondary 
organic  acids.  The  alkali  washes  were  followed  by  a  final  acid  rinse  to  neutralize  the 
solution  prior  to  drying.  Chemical  concentrations,  temperatures,  exposure  times,  and 
number  of  repetitions,  were  applied  accordingly  with  the  uniqueness  of  the  sample.  Each 
chemical  solution  was  neutralized  prior  to  application  of  the  next.  During  these  serial 
rinses,  mechanical  contaminants  such  as  associated  sediments  and  rootlets  were 
eliminated.  This  type  of  pretreatment  is  considered  a  "full  pretreatment". 

Typically  applied  to:  charcoal,  wood,  some  peats,  some  sediments,  textiles 


"acid  washes" 

Surface  area  was  increased  as  much  a  possible.  Solid  chunks  were  crushed,  fibrous 
materials  were  shredded,  and  sediments  were  dispersed.  Acid  (HCI)  was  applied 
repeatedly  to  ensure  the  absence  of  carbonates.  Chemical  concentrations,  temperatures, 
exposure  times,  and  number  of  repetitions,  were  applied  accordingly  with  the  uniqueness 
of  each  sample.  The  sample,  for  a  number  of  reasons,  could  not  be  subjected  to  alkali 
washes  to  ensure  the  absence  of  secondary  organic  acids.  The  most  common  reason  is 
that  the  primary  carbon  is  soluble  in  the  alkali.  Dating  results  reflect  the  total  organic 
content  of  the  analyzed  material.  Their  accuracy  depends  on  the  researcher's  ability  to 
subjectively  eliminate  potential  contaminants  based  on  contextual  facts. 

Typically  applied  to:  organic  sediments,  some  peats,  small  wood  or  charcoal,  special  cases 
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"collagen  extraction" 

The  materia!  was  first  tested  for  friability  ("softness").  Very  soft  bone  material  is  an 
indication  of  the  potential  absence  of  the  collagen  fraction  (basal  bone  protein  acting  as  a 
"reinforcing  agent"  within  the  crystalline  apatite  structure).  It  was  then  washed  in  de¬ 
ionized  water  and  gently  crushed.  Dilute,  cold  HCI  acid  was  repeatedly  applied  and 
replenished  until  the  mineral  fraction  (bone  apatite)  was  eliminated.  The  collagen  was  then 
dissected  and  inspected  for  rootlets.  Any  rootlets  present  were  also  removed  when 
replenishing  the  acid  solutions.  Where  possible,  usually  dependant  on  the  amount  of 
collagen  available,  alkali  (NaOH)  was  also  applied  to  ensure  the  absence  of  secondary 
organic  acids. 

Typically  applied  to:  bones 


"acid  etch" 

The  calcareous  material  was  first  washed  in  de-ionized  water,  removing  associated  organic 
sediments  and  debris  (where  present).  The  material  was  then  crushed/dispersed  and 
repeatedly  subjected  to  HCI  etches  to  eliminate  secondary  carbonate  components.  In  the 
case  of  thick  shells,  the  surfaces  were  physically  abraded  prior  to  etching  down  to  a  hard, 
primary  core  remained.  In  the  case  of  porous  carbonate  nodules  and  caliche,  very  long 
exposure  times  were  applied  to  allow  infiltration  of  the  acid.  Acid  exposure  times, 
concentrations,  and  number  of  repetitions,  were  applied  accordingly  with  the  uniqueness 
of  the  sample. 

Typically  applied  to:  shells,  caliche,  calcareous  nodules 


"neutralized" 

Carbonates  precipitated  from  ground  water  are  usually  submitted  in  an  alkaline  condition 
(ammonium  hydroxide  or  sodium  hydroxide  solution).  Typically  this  solution  is  neutralized 
in  the  original  sample  container,  using  deionized  water.  If  larger  volume  dilution  was 
required,  the  precipitate  and  solution  were  transferred  to  a  sealed  separatory  flask  and 
rinsed  to  neutrality.  Exposure  to  atmosphere  was  minimal. 

Typically  applied  to:  Strontium  carbonate,  Barium  carbonate 

(i.e.  precipitated  ground  water  samples) 


"none" 


No  laboratory  pretreatments  were  applied.  Special  requests  and  pre-laboratory 
pretreatment  usually  accounts  for  this.  This  would  never  be  the  circumstance  without  the 
knowledge  of  the  submitter. 
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Appendix  C  Radiocarbon  Test  Results 


BETA  ANALYTIC  INC. 

DR.  J.J.  STIPP  and  DR.  M.A.  TAMERS 


UNIVERSITY  BRANCH 
4985  S.W.  74  COURT 
MIAMI,  FLORIDA,  USA  33155 
PH:  305/667-5167  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


Paul  E.  Albertson 

US  Army  Corps  of  Engineers  WES 


DATE  RECEIVED: 


October  4,  1993 


DATE  REPORTED:  November  5,  1993 


SUBMITTER'S 
PURCHASE  ORDER  # 


OURLABNUMBER  YOUR  SAMPLE  NUMBER  014  AGE  YEARS  B.P.  ±  1  a  Cl  3/Cl  2  C13  adjusted  ag 


Beta-66775 

CAMS-9434 

Beta-66776 

CAMS-9435 

Beta-66777 

CAMS-9436 

Beta-66778 

CAMS-9437 

Beta-66780 

CAMS-9438 

Beta-66781 

CAMS-9439 

Beta-66782 

CAMS-9440 


FLW  HH-17-70 
(charcoal ) 


1990  +/-  60  BP  -23.2  0/00  2020  +/-  60  B 


FLW  HH-T2-1 8-64  370  +/-  60  BP 

(charcoal ) 

FLW  HH-T2-25-81  680  +/-  110  BP 

(charcoal) 


-26.8  0/00  340  +/-  60  B 


-28.0  0/00  630  +/-  110  B 


FLW-T3-1 5-60 
(charcoal ) 


390  +/-  50  BP  -26.1  0/00  370  +/-  50  B 


FLW-RT1 -4-30-52  3940  +/-  80  BP 

(charcoal ) 

FLW-RT2-40-32  4470  +/“  100  BP 

(charcoal ) 

FLW-RT2-45-66  4610  +/-  50  BP 

(charcoal ) 


-27.4  0/00  3900  +/-  80  B 


-30.1  0/00  4390  +/-  100  B 


-23.8  0/00  4630  +/-  50  B 


Note:  these  samples  were  done  using  the  AMS  technique. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention  the  half-life  of 

r“  IO“fb°Hn  *  ®Jken  5568  years  and  95%  of  the  actlvlty  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard  background  and 

Hem9  ®na,y??d:  They  rePresent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections?  are  made  for  DeVries  effect 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
carbon  13  ated  re,at'Ve  t0  the  PDB_1  ‘^national  standard;  the  adjusted  ages  are  normalized  to  -25  per  mil 
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UNIVERSITY  BRANCH 

4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON 


DATING  ANALYSES 


Paul  E.  Albertson 

FOR:- _ _ _ 

US  Army  Corps  of  Engineers  WES 


October  4,  1993 

DATE  RECEIVED:  - 

November  2,  1993 
DATE  REPORTED:  - 

SUBMITTER'S 

PURCHASE  ORDER  #  _ 


-  Cl  3/Cl  2  Cl  3  adjusted  ac 

OUR  LAB  NUMBER  YOUR  SAMPLE  NUMBER  C-14  AGE  YEARS  B.P.  ±  1  a 


Beta-66779 


FLW-RT-1 -58-61  1370  +/-  100  BP  -24.9  0/00  1370  +/  1 00  E 

(charcoal -0 . 3gm  C) 


Note:  the  small  sample  was  given  extended  counting  time. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention,  the  half-life  of 
radiocarbon  is  taken  as  5568  years  and  95%  of  the  activity  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard,  background,  and 
sample  being  analyzed.  They  represent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections  are  made  for  DeVries  effect, 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
request  and  are  calculated  relative  to  the  PDB-1  international  standard:  the  adjusted  ages  are  normalized  to  -25  per  mil 
carbon  13. 
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REPORT  OF  RADIOCARBON  DATING  ANALYSES 


F0R:Mr.  Paul  E.  Albertson 

US  Army  Corps  of  Engineers 


DATE  RECEIVED:  January  18,  1994 

DATE  REPORTED:  pebruary  11?  igg4 

SUBMITTER’S 
PURCHASE  ORDER  # 


TECHNIQUE 

AND  BASIS:  Conventional  &  AMS 


OUR  LAB  NUMBER  YOUR  SAMPLE  NUMBER  C-14  AGE  YEARS  B.P.  ±  1  o 


Cl  3/Cl  2  Cl  3  adjusted  age 


Beta-69944 
CAMS-1 1039 

FLW-T5-37-42-57  2420 

(charred  material)* 

+/-  80 

BP 

-24.7 

0/00 

2420 

+/- 

80 

BP 

Beta-69945 
CAMS-1 1040 

FLW-T5-45-52-60  3480 

(charred  material)* 

+/-  70 

BP 

-24.9 

0/00 

3480 

+/- 

70 

BP 

*  Beta-69947 

FLWUR-T5- 70-22-25  420 

(charred  material- 
0.3gm  C)** 

+/-  110 

BP 

-27.4 

0/00 

380 

+/- 

110 

BP 

Beta-69948 

FLWUR-T5- 9 0-38-47  430 

(charred  material- 
0.4gm  C)** 

+/-  80 

BP 

-26.8 

0/00 

400 

+/- 

80 

BP 

Beta-69949 
CAMS-1 1041 

UR-T4-65-50-56  2970 

(charred  material)* 

+/-  60 

BP 

-24.6 

0/00 

2980 

+/- 

60 

BP 

Beta-69950 
CAMS-1 1042 

UR-T4-90-30-41  2090 

(charred  material)* 

+/-  60 

BP 

-24.6 

0/00 

2100 

+  /- 

60 

BP 

Beta-69951 
CAMS-1 1043 

UR-T4-1 05  * -48-50  2320 

(charred  material)* 

+/-  60 

BP 

-26.0 

0/00 

2300 

+  /“ 

60 

BP 
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UNIVERSITY  BRANCH 

4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


FOR:Mr.  Paul  E.  Albertson 


PAGE2  of  2 


OUR  LAB  NUMBER  YOUR  SAMPLE  NUMBER  C-14  AGE  YEARS  B.P.  ±  1  a 


Beta-69952  UR-T4-126-25  2390  +/-  60  BP 

CAMS-1 1 044  (charred  material)* 


-25.9  0/00  2380  +/-  60  BP 


Beta-69953  UR-T4-1 26-47-49  2240  +/-  80 

CAMS-1 1045  (charred  material)* 


BP 


-25.9  0/00  2230  +/-  80  BP 


*  these  samples  were  done  using  the  AMS  technique. 

**  small  samples  were  given  extended  counting  time. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention,  the  half-life  of 
radiocarbon  is  taken  as  5568  years  and  95%  of  the  activity  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard,  background,  and 
sample  being  analyzed.  They  represent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections  are  made  for  DeVries  effect, 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
request  and  are  calculated  relative  to  the  PDB-1  international  standard;  the  adjusted  ages  are  normalized  to  -25  per  mil 
carbon  13. 
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Appendix  C  Radiocarbon  Test  Results 


BETA  ANALYTIC  INC.  university  branch 

4985  S.W.  74  COURT 

DR.  J.J.  STIPP  and  DR.  M.A.  TAMERS  MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


FOR:  Mr.  Paul  E.  Albertson  DATE  RECEIVED:  February 

US  Army  Corps  of  Engineers  DATE  REPORTED: March  2, 

SUBMITTER’S 
PURCHASE  ORDER  # 


TECHNIQUE 

AND  BASIS:  Radiometric 


3,  1994 
1994 


OURLABNUMBER  YOUR  SAMPLE  NUMBER  C-14  AGE  YEARS  B.P.  ±  1  o  01  3^C1  2  C13  adjusted  age 


Beta-70252  FLW-RT3-40-9  420  +/-  100  BP  -29.4  0/00  350  +/-  100  BP 

(charred  material- 
0.3  grams  C)* 


*  The  Extended  Counting  Service  was  employed  to  increase  precision  on  the  very 
small  sample. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention,  the  half-life  of 
radiocarbon  is  taken  as  5568  years  and  95%  of  the  activity  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard,  background,  and 
sample  being  analyzed.  They  represent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections  are  made  for  DeVries  effect, 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
request  and  are  calculated  relative  to  the  PDB-1  international  standard:  the  adjusted  ages  are  normalized  to  -25  per  mil 
carbon  13. 
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BETA  ANALYTIC  INC. 

DR.  J.J.  STIPP  and  DR.  M.A.  TAMERS 


REPORT  OF  RADIOCARBON 


UNIVERSITY  BRANCH 

4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964 

E-mail:  beta@analytic.win.net 


DATING  ANALYSES 


FOR:  Mr.  Paul  E.  Albertson 

US  Army  Corps  of  Engineers 


DATE  RECEIVED:  November  23,  1994 

DATE  REPORTED:  January  3,  1995 


Sample  Data 


Measured  C13/C12  Conventional 

Cl  4  Age  Ratio  C14  Age  (*) 


Beta-78143  140  +/-  60  BP  -25.4  o/oo  130  +/-  60  BP 

CAMS-1 7358 

SAMPLE  # :  FLW-MR-T 1 -HH  47-51 " 

ANALYSIS:  AMS 

MATERIAL/PRETREATMENT: (charred  material):  aci d/al kal i /aci d 


Beta-78144  100  +/-  60  BP  -27.7  o/oo  60  +/-  60  BP 

CAMS-1 7359 

SAMPLE  # :  FLW-MR-T2-24 " 

ANALYSIS:  AMS 

MATERIAL/PRETREATMENT: (charred  material):  aci d/al kal i /aci d 


Beta-78145  880  +/-  60  BP  -27.7  o/oo  840  +/-  60  BP 

CAMS-1 7360 

SAMPLE  # :  FLW-MR-T2-35 " 

ANALYSIS:  AMS 

MATERIAL/PRETREATMENT: (charred  material):  aci d/al kal i /aci d 


Beta-78146  320  +/-  60  BP  -27.5  o/oo  280  +/-  60  BP 

CAMS-1 7361 

SAMPLE  # :  FLW-MR-T2-40 " 

ANALYSIS:  AMS 

MATERIAL/PRETREATMENT: (charred  material):  aci d/al kal i /aci d 


Beta-78147  30  +/-  60  BP  -25.2  o/oo  30  +/-  60  BP 

CAMS-1 7362 

SAMPLE  # :  FLW-MR-T2  24M  (8-25-94) 

ANALYSIS:  AMS 

MATERIAL/PRETREATMENT: (charred  material):  ac  i d/al kal i /ac i d 


Dates  are  reported  as  RCYBP  (radiocarbon  years  before  present, 
“present"  ■  1950A.D.).  By  International  convention,  the  modern 
reference  standard  was  95%  of  the  Cl 4  content  of  the  National 
Bureau  of  Standards’  Oxalic  Acid  &  calculated  using  the  Libby  C14 
half  life  (5568  years).  Quoted  errors  represent  1  standard  deviation 
statistics  (68%  probability)  &  are  based  on  combined  measurements 
of  the  sample,  background,  and  modern  reference  standards. 


Measured  Cl  3/Cl  2  ratios  were  calculated  relative  to  the  PDB-1 
international  standard  and  the  RCYBP  ages  were  normalized  to 
•25  per  mil.  If  the  ratio  and  age  are  accompanied  by  an  (*),  then  the 
Cl  3/Cl  2  value  was  estimated,  based  on  values  typical  of  the 
material  type.  The  quoted  results  are  NOT  calibrated  to  calendar 
years.  Calibration  to  calendar  years  should  be  calculated  using 
the  Conventional  C14  age. 
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BETA  ANALYTIC  INC. 

DR.  J .J.  STIPP  and  DR.  M.A.  TAMERS 


UNIVERSITY  BRANCH 

4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964 

E-mail:  beta@analytic.win.net 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


FOR:  Mr.  Paul  E.  Albertson 


PAGE:  2  of  2 


Sample  Data 


Measured  Cl  3/Cl  2  Conventional 

Cl 4  Age  Ratio  C14  Age  (*) 


Beta-78148  1390  +/-  70  BP  -25.3  o/oo  1390  +/-  70  BP 

CAMS- 1 7363 

SAMPLE  # :  FLW-MR-T3  40-42“ 

ANALYSIS:  AMS 

MATERIAL/PRETREATMENT: ( charred  material):  acid/al kal i/acid 


Beta-78149  1910  +/-  60  BP  -26.7  o/oo  1880  +/-  60  BP 

CAMS-1 7364 

SAMPLE  # :  FLW-MR-T3-60" 

ANALYSIS:  AMS 

MATERIAL/PRETREATMENT: ( char red  material):  acid/al kal i/acid 


Dates  are  reported  as  RCYBP  (radiocarbon  years  before  present, 
“present"  =  1950A.D.).  By  International  convention,  the  modern 
reference  standard  was  95%  of  the  C14  content  of  the  National 
Bureau  of  Standards'  Oxalic  Acid  &  calculated  using  the  Libby  C14 
half  life  (5568  years).  Quoted  errors  represent  1  standard  deviation 
statistics  (68%  probability)  &  are  based  on  combined  measurements 
of  the  sample,  background,  and  modern  reference  standards. 


Measured  C13/C12  ratios  were  calculated  relative  to  the  PDB-1 
international  standard  and  the  RCYBP  ages  were  normalized  to 
-25  permit.  If  the  ratio  and  age  are  accompanied  by  an  (“),  then  the 
Cl  3/Cl  2  value  was  estimated,  based  on  values  typical  of  the 
material  type.  The  quoted  results  are  NOT  calibrated  to  calendar 
years.  Calibration  to  calendar  years  should  be  calculated  using 
the  Conventional  Cl  4  age. 
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BETA  ANALYTIC  INC. 


DR.  J.J.  STIPP  and  DR.  M.A.  TAMERS 


UNIVERSITY  BRANCH 

4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-51 6T  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


FOR:  Dr-  Robert  Jacobson  DATE  RECEIVED:  January  12,  1994 

U.S.  Geological  Survey  WRD  DATE  REPORTED:  pe5ruary  1994, 

.  SUBMITTER'S 

PURCHASE  ORDER  # 


TECHNIQUE 

AND  BASIS:  AMS' 


OUR  LAB  NUMBER  YOUR  SAMPLE  NUMBER  C-14  AGE  YEARS  B.P.  ±  1  a  c  1  3/C 1  3  C13  adjusted  age 


3et a-69754 
CAMS-1 1179 

RF-TH4-65 
(charred  material ) 

o 

o 

+/-  80 

BP 

-24.1 

0/00 

410 

+/-  80 

BP 

3et  a-69756 

:ams-ii iso 

UR-T3-1 74  * -37 " 
(charred  material ) 

1000 

+/-  70 

BP 

-25.2 

0/00 

1000 

o 

h- 

1 

\ 

+ 

BP 

3et a-69757 
2AMS-1 1181 

UR-T4-20 1 -22 " 
(charred  material ) 

430 

+/- .50 

BP 

lO 

CM 

1 

0/00 

440 

+/-  50 

BP 

Note:  these  samples  were  done  using  the  AMS  technique. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention,  the  half-life  of 
radiocarbon  is  taken  as  5568  years  and  95%  of  the  activity  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard,  background,  and 
sample  being  analyzed.  They  represent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections  are  made  for  DeVries  effect, 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
request  and  are  calculated  relative  to  the  PDB-1  international  standard:  the  adjusted  ages  are  normalized  to  -25  per  mil 
carbon  13. 


Cl  2 
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BETA  ANALYTIC  INC. 

DR.  J.J.  STIPP  and  DR.  M.A.  TAMERS 


UNIVERSITY  BRANCH 
4965  S.W.  74  COURT 
MIAMI,  FLORIDA,  USA  33155 
PH:  305/667-5167  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


Robert  B.  Jacobson _  DATE  RECEIVED: 

U.S.  Geological  Survey  DATE  REPORTED:  October  1993 

_ _ _  SUBMITTER’S 

PURCHASE  ORDER  #  _ 


OUR  LAB  NUMBER  YOUR  SAMPLE  NUMBER 


C-14  AGE  YEARS  8.P.  ±ia  Cl  3/Cl  2 


Cl 3  adjusted  ag 


Beta-65481 

6-28-93-rf t  h  4 

) 

470 

+/- 

60 

BP 

CAMS-8998 

( charcoal ) 

f 

A 

Beta-65482 

4-23-93-wbt  h  11 

8860 

+/- 

70 

BP 

CAMS-8999 

(charcoal ) 

Beta-65483 

6-28-93-rf t h  5 

' 

1320 

+/- 

60 

BP 

CAMS-9000 

( charcoal )  _ ^ 

Beta-65484 

FLWHH-t 2-1 2-44 

370 

+/- 

60 

BP 

CAMS-9001 

( charcoal ) 

Beta-65485 

FLWHH-t  2-30-51 

210 

+  /- 

60 

BP 

CAMS-9002 

( charcoal ) 

-27.3  0/00 


-26.3  0/00 


-27.3  0/00 


-25.7  0/00 


-25.3  0/00 


430  +/-  60  B 


8840  +/-  70  B 


1280  +/-  60  B 


360  +/-  60  B 


210  +/-  60  B 


Note:  these  samples  fcere  done  using  the  AMS  technique. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention,  the  haif-life  of 
radiocarbon  is  taken  as  5568  years  and  95%  of  the  activity  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard,  background,  and 
sample  being  analyzed.  They  represent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections  are  made  for  DeVries  effect, 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
request  and  are  calculated  relative  to  the  PDB-1  international  standard;  the  adjusted  ages  are  normalized  to  -25  per  mil 
carbon  13. 
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BETA  ANALYTIC  INC. 

DR.  J  J.  STTPP  and  DR.  M.  A.  TAMERS 


UNIVERSITY  BRANCH 

4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964- 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


FOR:  Dr.  Robert  Jacobson 

U.S.  Geological  Survey  WRD 


DATE  RECEIVED:  May  25,  1994 

DATE  REPORTED:  June  22,  1994 

SUBMITTER'S 
PURCHASE  ORDER  # 


TECHNIQUE 
AND  BASIS: 


AMS 


Beta-72878 
ETH-1 2358 


UR-T5-9 ’ 25 " -  30 "  420  ±  50  BP 

( charred  mat eri al ) 


-26.6  o/oo  395  ±  55  BP 


Note:  the  C13  adjusted  age-was  used  to  calibrate  the  radiocarbon  age  to 
calendar  years. 


S»sSs&isas£K5s 


carbon  13. 
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Appendix  C  Radiocarbon  Test  Results 


BETA  ANALYTIC  INC 


UNIVERSITY  BRANCH 


DR.  J.J.  STIPP  and  DR.  M.A.  TAMERS 


4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


FOR:  Dr.  Robert  Jacobson  DATE  RECEIVED:  January  12,  1994 

U.S.  Geological  Survey  WRD  DATE  REPORTED.  Fe|3ruary  1994 

SUBMITTER’S 
PURCHASE  ORDER  # 


TECHNIQUE 
AND  BASIS: 


OUR  LAB  NUMBER  YOUR  SAMPLE  NUMBER  C-14  AGE  YEARS  B.P.  ±  1  a 

_ Cl  3/Cl  2  Cl  3  adiusted  age 


Beta-69755  UR-T3-150'  450  +/-  100  BP  -28.4  0/00  400  +/-  100  BP 

1 8"-22 " 

(charred  material ) 

(0.3  gram  carbon) 


Note:  the  small  sample  was  given  extended  counting  time. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention,  the  half-life  of 
radiocarbon  is  taken  as  5568  years  and  95%  of  the  activity  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard,  background,  and 
sample  being  analyzed.  They  represent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections  are  made  for  DeVries  effect, 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
request  and  are  calculated  relative  to  the  PDB-1  international  standard;  the  adjusted  ages  are  normalized  to  -25  per  mil 
carbon  13. 
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BETA  ANALYTIC  INC. 

DR.  J.J.  STIPP  and  DR.  M.A.  TAMERS 


UNIVERSITY  BRANCH 

4985  S.W.  74  COURT 

MIAMI,  FLORIDA,  USA  33155 

PH:  305/667-5167  FAX:  305/663-0964 


REPORT  OF  RADIOCARBON  DATING  ANALYSES 


FOR:  Dr.  Robert  Jacobson 

U . S .  Geological  Survey  WRD 


DATE  RECEIVED:  April  22,  1994 
DATE  REPORTED: 


May  17,  1994 


SUBMITTER’S 
PURCHASE  ORDER  # 


TECHNIQUE 

AND  BASIS:  Radiometric  &  AMS 


OUR  LAB  NUMBER  YOUR  SAMPLE  NUMBER  C-14  AGE  YEARS  B.P.  ±  1  a  g^/C±2  Cl  3  adjusted  age 


Beta-72212 

FLW-UR-2-32 

1560  ±  80 

BP 

-29.0  o/oo 

1490 

± 

80 

BP 

CAMS- 13084 

(Charred  Material) 

Beta-72213 

FLW-ui — T5-S0-59 

630  ±  80 

BP 

-26.5  o/oo 

610 

± 

80 

BP 

(Charred  Material)* 

Beta-72214 

FLW-ur-tr3-1 05-24 

1650  ±  60 

BP 

-27.2  o/oo 

1610 

± 

60 

BP 

CAMS-1 3085 

(Charred  Material) 

Note:  the  C13  adjusted  ages  were  used  to  calibrate  the  radiocarbon  ages  to 
calendar  years. 

*  The  sample  contained  less  than  1  gram  of  carbon  and  was  given 
extended  counting  to  increase  precision. 


These  dates  are  reported  as  RCYBP  (radiocarbon  years  before  1950  A.D.).  By  international  convention,  the  half-life  of 
radiocarbon  is  taken  as  5568  years  and  95%  of  the  activity  of  the  National  Bureau  of  Standards  Oxalic  Acid  (original 
batch)  used  as  the  modern  standard.  The  quoted  errors  are  from  the  counting  of  the  modern  standard,  background,  and 
sample  being  analyzed.  They  represent  one  standard  deviation  statistics  (68%  probability),  based  on  the  random  nature 
of  the  radioactive  disintegration  process.  Also  by  international  convention,  no  corrections  are  made  for  DeVries  effect, 
reservoir  effect,  or  isotope  fractionation  in  nature,  unless  specifically  noted  above.  Stable  carbon  ratios  are  measured  on 
request  and  are  calculated  relative  to  the  PDB-1  international  standard:  the  adjusted  ages  are  normalized  to  -25  per  mil 
carbon  13. 
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BETA  ANALYTIC  INC. 

RADIOCARBON  DATING  LABORATORY 
CALIBRATED  C-14  DATING  RESULTS 


Calibrations  of  radiocarbon  age  determinations  are  applied  to  convert  BP  results  to 
calendar  years.  The  short  term  difference  between  the  two  is  caused  by  fluctuations 
in  the  heliomagnetic  modulation  of  the  galactic  cosmic  radiation  and,  recently,  large 
scale  burning  of  fossil  fuels  and  nuclear  devices  testing.  Geomagnetic  variations 
are  the  probable  cause  of  longer  term  differences. 

The  parameters  used  for  the  corrections  have  been  obtained  through  precise  analyses 
of  hundreds  of  samples  taken  from  known-age  tree  rings  of  oak,  sequoia,  and  fir  up 
to  7,200  BP.  The  parameters  for  older  samples,  up  to  22,000  BP,  as  well  as  for  all 
marine  samples,  have  been  inferred  from  other  evidence,  but  have  not  been 
conclusively  verified. 

The  Pretoria  Calibration  Procedure  program  has  been  chosen  for  these 
dendrocalibrations.  It  uses  splines  through  the  tree-ring  data  as  calibration  curves, 
which  eliminates  a  large  part  of  the  statistical  scatter  of  the  actual  data  points.  The 
spline  calibration  allows  adjustment  of  the  average  curve  by  a  quantified  closeness- 
of-fit  parameter  to  the  measured  data  points.  On  the  following  calibration  curves, 
the  solid  bars  represent  one  sigma  statistics  (68%  probability)  and  the  hollow  bars 
represent  two  sigma  statistics  (95%  probability).  Marine  carbonate  samples  that 
have  been  corrected  for  8  13/12C,  have  also  been  corrected  for  both  global  and  local 
geographic  reservoir  effects  (as  published  in  Radiocarbon,  Volume  28,  Number  2b, 
1986)  prior  to  the  calibration.  Marine  carbonates  that  have  not  been  corrected  for 
8  13/12C,  have  been-adjusted  by  an  assumed  value  of  0%o  in  addition  to  the 
reservoir  corrections.  There  are  separate  calibration  data  for  the  Northern  and 
Southern  Hemisphere. 

(Caveat:  the  calibrations  assume  that  the  material  dated  was  living  for  exactly 
twenty  years  like,  for  example,  a  collection  of  individual  tree  rings  taken  from  the 
outer  portion  of  a  tree  that  /as  cut  down  to  produce  the  sample  in  the  feature 
dated.  For  other  materials  the  maximum  and  minimum  calibrated  age  ranges  given 
by  the  computer  program  could  be  in  error.  The  possibility  of  an  "old  wood  effect" 
must  also  be  considered,  as  well  as  the  potential  inclusion  of  some  younger  material 
in  the  total  sample.  Since  the  vast  majority  of  samples  dated  probably  will  not 
fulfill  the  twenty-year-criterium  and,  in  addition,  an  old  wood  effect  or  young 
carbon  inclusion  might  not  be  excludable,  these  dendrocalibration  results  should  be 
used  only  for  illustrative  purposes.  In  the  case  of  marine  carbonates,  the  global 
reservoir  correction  is  theoretical  and  the  local  variations  are  real,  but  highly 
variable  and  dependant  on  provenience.  The  age  ranges  and,  especially,  the  intercept 
ages  generated  by  the  program  must  be  considered  as  approximations.) 
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EXPLANATION  OF  THE  BETA  ANALYTIC  DENDRO-CALIB RATION  PRINTOUT 


CALIBRATION  OF  RADICARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 
Radiocarbon  age: 

The  recommended 

calibration  age  _ w  Calibrated  result: 

range  to  be  used  (2  sigma,  95%  probability) 

for  interpretation 


Beta-12345 


The  uncalibrated 
radiocarbon  age 
(±  1  sigma) 


cal  BC  770  to  380 


Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 


The  calibration  result 
of  the  radiocarbon 


1  sigma  calibrated  result: 
(68%  probability) 


age  ±  1  sigma 


The  intercept  between 
the  radiocarbon  age  & 
the  calibrated  calendar 


time  scale  cun/e 


Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p317-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J .  M.,  1993,  Radiocarbon  35(1) 

Results  prepared  by: 

Beta  Analytic,  Inc.,  4985  S.W.  74th  Court,  Miami,  Florida  33155 


Reporting  results  (recommended): 

1 .  List  the  radiocarbon  age  with  its  associated  1  sigma  standard  deviation  in  a  table  and  designate  it  as  such. 

2.  Discussion  of  ages  in  the  text  should  focus  on  the  2  sigma  calibrated  range. 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 

1  sigma  calibrated  result: 
(68%  probability) 


Beta-69947 

380  +/-  110  BP 

cal  AD  1400  to  1680  and 
cal  AD  1750  to  1810 
Cal  AD  1930  to  1950 

cal  AD  1490 

cal  AD  1430  to  1650 


380  +/-  UO  BP  CHARRED  MATERIAL 


References: 


Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p3 17-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 

Results  prepared  bv: 

Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 

Laboratory  Number:  Beta-69948 

Radiocarbon  age:  400  +/-  80  BP 

Calibrated  result:  cal  AD  1410  to  1660 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 

with  calibration  curve:  cal  AD  1470 

1  sigma  calibrated  results:  cal  AD  1430  to  1530  and 

(68%  probability)  cal  AD  1550  to  1640 

400  +/-  ao  BP  CHARRED  MATERIAL 


ca  1  OD 


References: 

Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p3 17-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 


Results  prepared  b\ 


Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercepts  of  radiocarbon  age 
with  calibration  curve: 

1  sigma  calibrated  result: 
(68%  probability) 


Beta-66776 

340  +/-  60  BP 

cal  AD  1440  to  1670 

cal  AD  1520  and 
cal  AD  1570  and 
cal  AD  1630 

cal  AD  1470  to  1650 


References: 


Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p317-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 

Results  prepared  bv: 

Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercepts  of  radiocarbon  age 
with  calibration  curve: 

1  sigma  calibrated  result: 
(68%  probability) 


Beta-66777 

630  +/-  110  BP 
cal  AD  1210  to  1460 

cal  AD  1310  and 
cal  AD  1350  and 
cal  AD  1380 

cal  AD  1280  to  1420 


References: 


Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p3 17-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 

Results  prepared  bv: 

Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 


Beta-66778 

370  +/-  50  BP 
cal  AD  1440  to  1650 


cal  AD  1500 


1  sigma  calibrated  results: 
(68%  probability) 


cal  AD  1460  to  1530  and 
cal  AD  1550  to  1640 


370  50  BP  CHftRRED  MATERIAL 


References: 


Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p3 17-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 

Results  prepared  by: 

Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 

(Variables:C13/C12=-29.4:lab  mult.  =  1) 

Laboratory  Number:  Beta-70252 

Conventional  radiocarbon  age*:  350  +/-  100  BP 

Calibrated  result:  .  -  cal  AD  1410  to  1690  and 

(2  sigma,  95%  probability)  cal  AD  1740  to  1810  and 

cal  AD  1930  to  1950 


Intercept  data: 

Intercepts  of  radiocarbon  age 

with  calibration  curve:  cal  AD  1510  and 

cal  AD  1590  and 
cal  AD  1620 


1  sigma  calibrated  result:  cal  AD  1440  to  1660 

(68%  probability) 


References: 

Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p3 17-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 


Results  prepared  b\ 


Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 

1  sigma  calibrated  results: 
(68%  probability) 


Beta-69944 

2420  +/-  80  BP 
cal  BC  790  to  370 

cal  BC  420 

cal  BC  760  to  640  and 
cal  BC  560  to  390 


2700 


2600 


2500 


2400 


2300 


2200 


2420  +/-  BO  OR  CHARRED  MATERIAL 

Stuluar  I NT93CAL  C1993) :  N.  Hanisph. 


References: 

Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p3 17-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 

Results  prepared  by: 

Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 


Beta-69949 

2980  +/-  60  BP 
cal  BC  1390  to  1010 


Intercept  data: 

Intercept  of  radiocarbon  age 

with  calibration  curve:  cal  BC  1200 


1  sigma  calibrated  result:  cal  BC  1290  to  1110 

(68%  probability) 


3200 


3100 


3000 

BP 


2900 


2000 


ca  1  BC 


References: 


Vogel,  J.  C.,  Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  33(1),  p73-86 

Talma,  A.  S.  and  Vogel,  J.  C.,  1993,  Radiocarbon  35(2),  p3 17-322 

Stuiver,  M.,  Long,  A.,  Kra,  R.  S.  and  Devine,  J.  M.,  1993,  Radiocarbon  35(1) 

Results  prepared  by: 

Beta  Analytic,  Inc.,  4985  SW  74th  Court,  Miami,  Florida,  33155 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 


Beta-69950 


Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 


2100  +/-  60  BP 

cal  BC  350  to  300  and 
cal  BC  220  to  cal  AD  40 


cal  BC  100 


1  sigma  calibrated  result:  cal  BC  190  to  30 

(68%  probability) 


2100  +/-  60  BP  CHARRED  MATERIAL 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 


Beta-69951 


2300  +/-  60  BP 


cal  BC  420  to  190 


Intercept  data: 


Intercept  of  radiocarbon  age 
with  calibration  curve: 


cal  BC  380 


1  sigma  calibrated  results: 
(68%  probability) 


cal  BC  400  to  360  and 
cal  BC  280  to  250 


+/-  60  BP 


CHARRED  MOT ER I flL 


800  700 


600  500  400  300  200  AOO 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 

1  sigma  calibrated  result: 
(68%  probability) 


Beta-69952 

2380  +/-  60  BP 

cal  BC  760  to  640  and 
cal  BC  560  to  370 

cal  BC  400 
cal  BC  510  to  390 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercepts  of  radiocarbon  age 
with  calibration  curve: 


1  sigma  calibrated  result: 
(68%  probability) 


2230  80  BP  CHARRED  MATERIAL 


ca 1  BC/AD 


Beta-69953 

2230  +/-  80  BP 
cal  BC  410  to  50 

cal  BC  360  and 
cal  BC  290  and 
cal  BC  230 

cal  BC  390  to  180 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 

1  sigma  calibrated  result: 
(68%  probability) 


Beta-66775 

2020  +/-  60  BP 

cal  BC  170  to  cal  AD  110 


cal  BC  10 

cal  BC  60  to  cal  AD  60 


ca 1  BC/AD 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve: 

1  sigma  calibrated  result: 
(68%  probability) 


Beta-69945 

3480  +/-  70  BP 
cal  BC  1950  to  1620 

cal  BC  1760 

cal  BC  1890  to  1690 


3800 


3700 


3600 


BP  3900 


3400 


3300 


3200 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number:  Beta-66780 

Radiocarbon  age:  3900  +/-  80  BP 

Calibrated  result:  cal  BC  2580  to  2140 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 

with  calibration  curve:  cal  BC  2400 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number: 

Radiocarbon  age: 

Calibrated  result: 

(2  sigma,  95%  probability) 


Beta-66781 

4390  +/-  100  BP 

cal  BC  3350  to  2870  and 
cal  BC  2800  to  2770 


Intercept  data: 

Intercepts  of  radiocarbon  age 
with  calibration  curve: 


cal  BC  3020  and 
cal  BC  2990  and 
cal  BC  2930 


1  sigma  calibrated  results: 
(68%  probability) 


cal  BC  3290  to  3250  and 
cal  BC  3110  to  3110 


4390  +/-  lOO  BP 


CHARRED  MAT ER I AL 


Stuiuor  I NT  9 3 CAL  (1993): 


3600  3500  3400  3300  3200  3J.OO  3000  2900  2800  2700  2600 

ca  1  BC 
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CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


Laboratory  Number:  Beta-66782 

Radiocarbon  age:  4630  +/-  50  BP 


Calibrated  result:  cal  BC  3520  to  3330 

(2  sigma,  95%  probability) 


Intercept  data: 

Intercept  of  radiocarbon  age 

with  calibration  curve:  cal  BC  3360 


1  sigma  calibrated  results: 
(68%  probability) 


cal  BC  3500  to  3440  and 
cal  BC  3380  to  3350 
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Radiocarbon  age  <BP> 


CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


(Variables:  C13/C12=-25.4:lab.  mult=l) 
Laboratory  Number:  Beta-78143 

Conventional  radiocarbon  age:  130  +/-  60  BP 

Calibrated  results:  cal  AD  1655  to  1950 

(2  sigma,  95%  probability) 


Intercept  data: 

Intercepts  of  radiocarbon  age 

with  calibration  curve:  cal  AD  1695  and 

cal  AD  1725  and 
cal  AD  1815  and 
cal  AD  1920 

1  sigma  calibrated  results:  cal  AD  1675  to  1775  and 

(68%  probability)  cal  AD  1800  to  1945 


130  +  60  BP  CHARRED  MATERIAL 


1600  1700  18CO  1900  2000 

cal  AD 
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Radiocarbon  age  CBP) 


CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


(Variables:  C13/C12=-27.7:lab.  mult=l) 


Laboratory  Number: 

Conventional  radiocarbon  age: 

Calibrated  results: 

(2  sigma,  95%  probability) 


Beta-78144 

60  +/-  60  BP 

cal  AD  1675  to  1770  and 
cal  AD  1800  to  1940 


Intercept  data: 

Intercepts  of  radiocarbon  age 

with  calibration  curve:  NO  INTERCEPTS 


1  sigma  calibrated  results: 
(68%  probability) 


cal  AD  1700  to  1720  and 
cal  AD  1820  to  1855  and 
cal  AD  1860  to  1920 


60  +  60  BP  CHARRED  MATERIAL 


I  I - 1 - i -  I  1  - L“i - 1 - 1 - ' 

1700  1800  1900  2000  2100 

cal  AD 
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Radiocarbon  age  <BP) 


CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


(Variables:  C13/C12=-27.7:lab.  mult=l) 
Laboratory  Number:  Beta-78145 

Conventional  radiocarbon  age:  840  +/-  60  BP 

Calibrated  results:  cal  AD  1035  to  1285 

(2  sigma,  95%  probability) 


Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve:  cal  AD  1220 


1  sigma  calibrated  results:  cal  AD  1 170  to  1265 

(68%  probability) 


840  ±  60  BP  CHARRED  MATERIAL 


1000 


300 


800 


700 


600 

1000  1100  1200  1300  1400 
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Radiocarbon  age  CBP) 


CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


(Variables:  C13/C12=-27.5:lab.  mult=l) 


Laboratory  Number:  Beta-78146 


Conventional  radiocarbon  age:  280  +/-  60  BP 


Calibrated  results: 
(2  sigma,  95%  probability) 


cal  AD  1470  to  1680  and 
cal  AD  1745  to  1805  and 
cal  AD  1935  to  1950 


Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve:  cal  AD  1650 


1  sigma  calibrated  results: 
(68%  probability) 


cal  AD  1520  to  1570  and 
cal  AD  1630  to  1665 


280  +  60  BP  CHARRED  MATERIAL 


References: 

Vogel,  J.  C.,Fuls,  A.,  Visser,  E.  and  Becker,  B.,  1993,  Radiocarbon  35(1),  p73-86 
Talma,  A.  S.  and  Vogel,  J.  C„  1993,  Radiocarbon  35(2),  p317-322 
Stuiver,  M.,  Long,  A.,  Kra,  R  S.  and  Devine,  J.  M,  Radiocarbon  35(1) 

Results  prepared  by: 

Beta  Analytic,  Inc.  4985  S.  W.  74th  Court,  Miami,  Florida  33155 


Appendix  C  Radiocarbon  Test  Results 


C39 


Radiocarbon  age  <BP) 


CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 

(Variables:  C13/C12=-25.2:lab.  mult=l) 

Laboratory  Number:  Beta-78147 

Conventional  radiocarbon  age:  30  +/-  60  BP 

Calibrated  results:  cal  AD  1685  to  1740  and 

(2  sigma,  95%  probability)  cal  AD  1810  to  1930 

Intercept  data: 

Intercepts  of  radiocarbon  age 

with  calibration  curve:  NO  INTERCEPTS 

1  sigma  calibrated  result:  NO  INTERCEPTS 


30  ±  60  BP  CHARRED  MATERIAL 


1700  1800  1900  2000  2100 

cal  AD 
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Radiocarbon  age  <BP> 


CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 

(Variables:  C13/C12=-25.3:lab.  mult=l) 

Laboratory  Number:  Beta-78148 

Conventional  radiocarbon  age:  1390  +/-  70  BP 

Calibrated  results:  cal  AD  555  to  780 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve:  cal  AD  655 

1  sigma  calibrated  results:  cal  AD  620  to  685 

(68%  probability) 
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Radiocarbon  age  CBP) 


CALIBRATION  OF  RADIOCARBON  AGE  TO  CALENDAR  YEARS 


(Variables:  C13/C12=-26.7:lab.  mult=l) 
Laboratory  Number:  Beta-7 8149 

Conventional  radiocarbon  age:  1880  +/-  60  BP 

Calibrated  results:  cal  AD  15  to  260 

(2  sigma,  95%  probability) 

Intercept  data: 

Intercept  of  radiocarbon  age 
with  calibration  curve:  cal  AD  130 

1  sigma  calibrated  results:  cal  AD  75  to  225 

(68%  probability) 
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A  PALEOECOLOGICAL  STUDY  OF  THREE  SITES 
LOCATED  IN  THE  FORT  LEONARD  WOOD 
MILITARY  RESERVATION,  SOUTH-CENTRAL 
MISSOURI  OZARKS 

James  K.  Huber 

Abstract:  Twenty  samples  from  three  sites  on  Big  Piney  River  and  Roubidoux 
Creek  in  the  Fort  Leonard  Wood  Military  Reservation  were  analyzed  for  pollen. 
Although  the  pollen  is  too  scarce  to  yield  statistically  valid  pollen  percentage  data, 
the  data  is  consistent  with  the  Oak-Hickory-Pine  forests  characteristic  of  the  south- 
central  Missouri  Ozarks. 


i 


D4 


Appendix  D  Pollen  Analysis 


INTRODUCTION 

Palynology,  the  study  of  pollen  and  spores  and  their  dispersal,  has  for  many 
years  been  a  primary  tool  for  paleoecologists.  Palynological  data  from  bogs, 
marshes,  and  lakes  are  important  in  establishing  past  vegetational  and  climatic 
records  (Kapp,  1969;  Faegri  and  Iverson,  1975;  Moore  and  Webb,  1978).  In 
recent  years,  however,  archaeologists  have  realized  the  importance  of  palynological 
investigations  as  part  of  multidisciplinary  archaeological  studies.  The  correlation  of 
stratigraphically  continuous  pollen  data  with  archaeological  sites  in  the  same  area 
may  yield  valuable  paleoenvironmental  reconstructions  for  sites  (King,  1985). 
Changes  in  both  local  and  regional  vegetation,  as  well  as  climate,  may  be  very 
important  in  the  interpretation  of  archaeological  data  (King,  1985).  Palynological 
investigations  can  also  be  used  to  identify  cultigens  and  wild  plants  gathered  for 
food  or  raw  materials;  to  obtain  dietary  information;  to  study  site  seasonality  (King, 
1985);  and  to  determine  potential  resource  plants  (Huber,  1987). 

In  the  past,  paleoecological  investigations  have  relied  heavily  on  pollen  as  a 
primary  indicator  of  environmental  change.  Plant  macrofossils  have  also  been  used 
in  conjunction  with  pollen  studies  (Huber,  1980;  Van  Zant,  1976,  1979;  Watts  and 
Bright,  1968;  Watts  and  Winter,  1966).  In  subsequent  years,  more  emphasis  has 
been  placed  on  the  increased  use  of  other  organisms  as  paleoecological  and 
paleoclimatic  indicators  (Williams,  1981);  among  these  organisms  are  algae 
(Van  Geel,  1986). 
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Previous  subfossil  algae  studies  have  concentrated  on  Pediastrum  associated 
with  pollen.  They  were  usually  identified  only  to  the  genus  level  and  presented  as 
a  percentage  distribution  of  total  Pediastrum  (Cronberg,  1986).  However, 
Pediastrum  are  readily  preserved  in  sediments  and  can  be  easily  identified  to  the 
species  level.  They  can  also  survive  rigorous  pollen  extraction  techniques 
(Cronberg,  1986).  In  addition  to  Pediastrum ;  Scenedesmus,  Botryococcus,  and 
numerous  other  taxa  of  nonsiliceous  algae  can  be  recognized  in  subfossil  records. 
Subfossil  nonsiliceous  algae  found  in  conjunction  with  pollen  can  aid  in 
paleoecological  reconstructions  (Cronberg,  1986). 

The  objectives  of  this  study  were  to  provide  palynological  data  to  aid  in  the 
development  of  a  geoarchaeological  model  for  Big  Piney  River  and  Roubidoux  Creek 
in  the  south-central  Missouri  Ozarks  for  application  to  cultural  resource 
management  at  the  Fort  Leonard  Wood  Military  Reservation  and  to  provide  a  more 
complete  understanding  of  the  late  Holocene  vegetational  history  of  the  area 
(Figure  1 ). 
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Figure  1:  Location  map  of  the  Fort  Leonard  Wood  area  and  localities  of 
previous  pollen  investigations  in  Missouri. 

Explanation 

1 .  Fort  Leonard  Wood  area 

2.  Boney  and  Phillips  springs 

3.  Kirby,  Jones,  Trolinger,  and  Koch  springs 

4.  Old  Field  Swamp 

5.  Buttonbush  Bog 

6.  Round  Spring  Shelter,  Round  Spring  Site  23SH19 

7.  Gooseneck  Site  23CT54 

8.  Ozark  Sink  Pond 

9.  Cupalo  Pond 

10.  Powers  Fort  Swale 
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PREVIOUS  INVESTIGATIONS 


The  first  palynological  study  in  Missouri  was  of  Boney  Spring  (Figure  1), 
Benton  County  (Mehringer,  Schweger,  Wood,  and  McMillan,  1968).  Mehringer 
and  others  (1968)  found  a  spruce-dominated  pollen  spectrum  and  associated  it 
Picea  (spruce)  and  Larix  (tamarack)  macrofossils.  They  interpreted  the  pollen 
spectrum  as  evidence  for  late  Pleistocene  boreal  forest  elements  in  the  Ozark 
Highlands. 

Mehringer,  King,  and  Lindsay  (1970)  examined  Boney  Spring  in  more  detail 
and  examined  Trolinger  Spring,  Hickory  County  (Figure  1).  They  recognized  three 
pollen-assemblage  zones  from  the  combined  data  of  the  two  sites.  The  three 
zones  are  generally  characterized  as  a  NAP-pine  zone  (NAP  =  nonarboreal  pollen), 
a  spruce-dominated  zone,  and  a  spruce-with-deciduous-elements  zone. 
Radiocarbon  dates  from  the  NAP-pine  zone  at  Trolinger  Spring  are  approximately 
25,600  B.P.  and  32,200  B.P.,  suggesting  mid-Wisconsin  interstadial  age.  The 
spruce-dominated  zone  may  indicate  the  beginning  of  late-Wisconsin  full  glacial 
conditions.  Radiocarbon  dates  from  Boney  Spring  are  approximately  13,700  B.P. 
and  16,580  B.P.,  thus  giving  an  approximate  time  frame  for  the 
spruce-with-deciduous-elements  zone  (Mehringer  and  others,  1970). 

King  (1973)  subsequently  examined  Boney  and  Trolinger  springs  in  addition 
to  Kirby,  Koch,  and  Jones  springs,  Hickory  County  (Figure  1)  and  again  recognized 
the  same  three  pollen-assemblage  zones.  Radiocarbon  dates  indicate  the  presence 
of  a  NAP-pine  zone  before  40,000  B.P.  that  existed  until  approximately  23,000 
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B.P.  and  was  deposited  during  the  mid-Wisconsin  interstade.  Cyperaceae  (sedge) 
and  Pinus  (pine)  make  up  at  least  60%  of  the  total  pollen  within  this  zone.  Spruce 
is  commonly  found  in  quantities  of  less  than  1%.  Other  arboreal  pollen  types 
include  Betu/a  (birch),  Quercus  (oak),  and  Salix  (willow).  Nonarboreal  pollen 
includes  Gramineae  (grass),  Ambrosia- type  (ragweed),  and  other  Compositae 
(Composite  Family).  This  zone  is  interpreted  as  a  pine-parkland  (King,  1973). 

Directly  above  the  NAP-pine  zone  is  the  spruce  pollen  zone,  dominated  by  up 
to  92%  spruce  and  also  containing  some  Pinus  and  Cyperaceae  pollen.  This  zone 
began  with  the  onset  of  late-Wisconsin  full-glacial  conditions.  King  (1973) 
interprets  it  as  a  boreal  spruce  forest  that  lasted  until  approximately  16,500  B.P. 

A  short  hiatus  separates  the  spruce  zone  from  the 
spruce-with-deciduous-elements  pollen  zone,  characterized  by  lower  spruce 
percentages  (less  than  38%)  and  by  an  increase  in  thermophilous  deciduous  tree 
pollen.  This  zone  is  indicated  by  pollen  found  in  pulp  cavities  of  mastodon  tusks 
recovered  from  Boney  Spring.  Spruce  is  still  the  dominant  pollen  type  but  Pinus, 
Quercus,  Salix,  Alnus  (alder),  Fraxinus  (ash),  Ulmus  (elm),  Corylus  (hazel),  and 
OstryalCarpinus  (hop  hornbeam/hornbeam)  also  occur.  Most  of  the  NAP  is 
composed  of  Cyperaceae,  Gramineae,  and  various  composites.  This  zone  is 
interpreted  as  a  spruce  forest  with  deciduous  trees,  indicating  slightly  warmer 
climatic  conditions  during  a  late  phase  of  Wisconsin  full-glacial  conditions 
(King,  1973). 
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McMillan  and  King  (1974)  reported  finding  a  Holocene  pollen  sequence  in 
sediments  from  Phillips  Spring,  Benton  County  (Figure  1).  The  spring  sediments 
contained  pollen  spectra  that  indicate  a  change  from  arboreal  pollen  dominance, 
primarily  Quercus,  to  nonarboreal  pollen  dominance.  Radiocarbon  dating  places 
this  change  at  7800  B.P.  Dominance  of  nonarboreal  pollen  continues  until  at  least 
4000  B.P.  (McMillan  and  King,  1974). 

King  and  Lindsay  (1976)  reiterated  the  previously  mentioned  studies  (King, 
1973)  and  related  the  findings  to  archaeological  deposits  at  Rodgers  Shelter, 
Benton  County,  and  to  megafauna  assemblages  associated  with  the  pollen 
deposits.  King  and  Lindsay  (1976:  76,  Table  4.2)  summarized  the  radiocarbon 
dates,  flora,  and  fauna  from  Trolinger  and  Boney  springs. 

A  pollen  sequence  from  Cupalo  Pond,  Ripley  County  (Figure  1)  investigated 
by  Smith  (1984)  yielded  a  continuous  record  from  full-glacial  to  the  present.  Five 
pollen-assemblage  zones  were  delineated  by  Smith  (1984).  From  17,100  to 
15,350  yr  B.P.  northern  Diploxylon  pine  (jack  and/or  red  pine)  and  spruce  were 
dominant  in  the  area.  From  15,350  to  12,300  yr  B.P.,  the  upland  vegetation  was 
characterized  by  a  transitional  forest  of  Quercus,  Fraxinus,  Pinus,  and  Picea. 
Northern  Diploxylon  Pinus,  Picea,  and  Fraxinus  was  replaced  by  the  expansion  of 
Quercus,  Carya  (hickory),  and  Ostrya/Carpinus  and  Compositae  during  the  early 
Holocene  (12,300-9100  yr  B.P.  Between  9100  and  6700  yr  B.P.,  during  mid- 
Holocene  warming,  species  richness  of  deciduous  taxa  decreased.  An  oak 
parkland  dominated  the  uplands  between  6700  and  6350  yr  B.P.  The  oak 
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parkland  was  replaced  by  a  shortleaf  pine  (southern  Diploxylon  Pinus )  forest  by 
3500  yr  B.P. 

At  Powers  Fort  Swale  (Figure  1),  in  the  Western  Lowlands  of  southeast 
Missouri,  an  18,000  year  record  of  vegetational  change  has  been  reported  by 
Royall  (1988)  and  Royall,  Delcourt,  and  Delcourt  (1991).  The  pollen  sequence 
from  Powers  Swale  is  divided  into  four  pollen  zones.  The  lowermost  is  the  Picea- 
Pinus  zone  (18,275-14,500  yr  B.P.).  The  pollen  spectra  from  this  zone  is  similar 
to  that  of  the  spruce  forest  and  muskeg  in  the  boreal  forest  region  found  today  in 
central  and  southern  Canada.  From  14,500  to  9500  yr  B.P.,  a  Quercus-Carpinus- 
Ostrya  zone  occurs  indicating  vegetation  similar  to  that  of  the  midwestern  mixed- 
conifer  northern  hardwoods  region.  Above  this  zone  is  the  Quercus-Fraxinus  z one 
(9500-4500  yr  B.P.).  The  Quercus-Fraxinus  zone  is  characterized  by  climatic 
warming  and  drying,  with  a  species  composition  similar  to  that  found  in  the  area 
today  but  with  different  relative  abundance  for  each  taxon.  The  uppermost  zone  is 
the  Cupressaceae-Sa//x  zone  (4500-0  yr  B.P.  This  zone  is  similar  in  to  the  modern 
vegetation  at  Powers  Fort  Swale  today. 

Old  Field  swamp,  Stoddard  County  (Fig.  1)  was  cored  and  analyzed  for 
pollen  by  King  and  Allen  (1977).  Two  vegetation  changes  are  indicated  between 
9000  and  3000  B.P.  At  approximately  8700  B.P.,  arboreal  pollen  composed 
largely  of  Quercus,  Fraxinus,  and  Cephalanthus  (buttonbush)  was  replaced  with 
Gramineae  and  other  NAP.  A  second  change  occurred  at  approximately  5000  B.P. 
when  trees  again  began  to  increase.  These  changes  are  interpreted  as  reflecting 
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the  expansion  and  subsequent  reduction  of  the  Prairie  Peninsula  in  southeastern 
Missouri  between  8700  and  5000  B.P.  (King  and  Alien,  1977).  Similar  evidence 
for  eastern  expansion  of  the  Prairie  Peninsula  has  been  found  in  pollen  records  from 
the  northern  midcontinent. 

Watts  and  Bright  (1968)  record  a  shift  to  more  prairie  on  the  upland  and  a 
decrease  in  trees  from  a  pollen  sequence  at  Pickerel  Lake,  Day  County,  South 
Dakota  between  8000  and  4000  B.P.  At  Kirchner  Marsh,  Dakota  County, 
Minnesota,  Winter  (1962)  also  recorded  an  increase  in  nonarboreal  pollen  occurring 
between  approximately  7200  and  5000  B.P.  A  migration  of  the  prairie/forest 
ecotone  of  about  120  km  northeastward  occurred  in  western  Minnesota  between 
8000  and  4000  B.P.  (Wright,  1968).  Brush  (1967),  Durkee  (1971),  and  Van  Zant 
(1976,  1979)  record  a  shift  from  forest  to  prairie  between  8000  and  3000  years 
ago  in  Iowa.  In  Illinois,  E.  Gruger  (1972)  recorded  an  undated  rise  in  herb  pollen 
and  decrease  in  oak  after  the  late  Pleistocene  spruce  decline.  Pollen  records  show 
that  a  mid-Holocene  dry  period  lasting  approximately  4000  years  occurred  between 
8000  and  4000  years  ago  and  reached  maximum  warm  and  dry  conditions  about 
7000  B.P.  (Webb  and  Bryson,  1972;  Wright,  1971).  At  the  same  time  the  Prairie 
Peninsula  reached  its  maximum  eastward  extent  (Bernabo  and  Webb,  1977). 

Buttonbush  Bog,  a  small  sinkhole  bog  in  Shannon  County  (Figure  1)  yielded 
a  late  Holocene  vegetational  record  for  the  southeast  Missouri  Ozarks  (Huber, 
1990a).  A  302-cm  core  retrieved  from  the  bog  has  a  basal  date  of  3130  yr  B.P. 
and  a  date  of  1400  yr  B.P.  at  52-56  cm.  The  pollen  spectra  from  the  core  are 
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dominated  by  Quercus,  Pinus,  and  Gramineae,  with  Carya  maintaining  low  but 
consistent  percentages.  The  pollen  sequence  is  divided  into  three 
pollen-assemblage  zones.  Zone  1  (302-292  cm)  is  dominated  by  Quercus, 
Gramineae,  and  Cyperaceae.  Pinus  and  Carya  occur  as  minor  components  (<5%). 
In  Zone  2  (292-17  cm),  Pinus  increases  to  codominate  with  Quercus.  Gramineae 
and  Cyperaceae  are  the  major  herbs  and  increase  in  abundance  above  1400  yr  B.P. 
Zone  3  (17-0  cm)  is  marked  by  a  small  Ambrosia  rise.  The  pollen  sequence  from 
Buttonbush  Bog  indicates  that  pine  did  not  become  well  established  in  this  area  of 
the  southeast  Missouri  Ozarks  until  after  3100  B.P.  Zone  1  represents  a  mixed 
oak  forest  with  minor  components  of  pine  and  hickory.  In  Zone  2,  the  increase  in 
pine  indicates  a  shift  to  a  pine-oak  forest,  The  increase  in  sedge  and  grass  in  Zone 
2  may  indicate  an  increase  in  available  moisture  after  1,400  yr  B.P.  The  small 
Ambrosia  rise  in  Zone  3  is  attributed  to  the  advent  of  pioneer  settlement  in  the 
area  about  1820  (Huber,  1990a). 

Huber  and  Rapp  (1989)  undertook  palynological  investigations  of  two 
archaeological  sites:  Round  Spring  Shelter,  Round  Spring  Site  23SH19  and 
Gooseneck  Site  23CT54  in  Shannon  and  Carter  counties,  Missouri  (Figure  1).  The 
palynological  data  from  these  sites  provide  vegetational  histories  associated  with 
Indian  occupation.  The  Round  Spring  Shelter  pollen  sequence  is  dominated  by 
Quercus  and  Tubuliflorae  (subfamily  of  Compositae.  NAP  is  greater  than  50%  of 
the  pollen  sum  in  all  but  the  uppermost  sample  interval  where  it  decreases  to 
47.4%.  Two  Ambrosia  peaks  in  the  pollen  diagram  from  Round  Spring.  The  upper 
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rise  is  attributed  to  land  clearance  and  pioneer  settlement  (King,  1981;  Huber, 
1980,  1985,  1987;  Van  Zant,  1976,  1979).  This  Ambrosia  rise  is  accompanied 
by  a  decrease  in  Quercus,  also  indicating  clearing  of  the  forest  for  lumber  and  field 
cultivation.  The  lower  Ambrosia  rise,  however,  may  indicate  a  prolonged  period  of 
occupation  of  Round  Spring  Site  23SH19.  Huber  and  Rapp  (1989)  divided  the 
pollen  diagram  from  Round  Spring  Shelter  into  two  zones.  Zone  1  (the  lowermost 
zone)  is  characterized  by  an  Ambrosia  rise  and  by  a  decline  in 
Chenopodiaceae/Amaranthaceae  (Goosefoot/Amaranth  families),  Cyperaceae, 
Gramineae,  Fraxinus  quadrangulata-Xype  (blue  ash),  and  Pinus  towards  the  top,  at 
the  same  time  that  Juniperus-type  (red  cedar),  Dryopteris- type  (shield  fern),  and 
Lycopodium  (clubmoss)  increase.  Zone  2  contains  the  second  Ambrosia  rise  and  is 
characterized  by  a  decline  in  Tubuliflorae  and  an  increase  in  Pinus.  Carya,  and  the 
herbs  Chenopodiaceae/Amaranthaceae,  Cyperaceae,  and  Gramineae  all  increase 
towards  the  top  of  this  zone.  Lycopodium  and  Dryopteris- type  also  rise,  but 
Juniperus- type  declines  slightly.  Based  on  associated  Middle  Woodland  artifacts, 
the  Round  Spring  pollen  sequence  begins  about  2450  yr  B.P.  and  continues  to  the 
present,  assuming  that  the  upper  Ambrosia  rise  is  the  result  of  land  clearance  and 
pioneer  settlement.  The  Round  Spring  Shelter  pollen  is  interpreted  as  representing 
a  pine-oak  forest  growing  in  the  vicinity  of  Round  Spring  Site  23SH19  with  ferns 
growing  in  the  cooler,  moister  area  near  the  spring.  The  consistent  presence  of 
Ambrosia  and  other  weedy  plants  probably  represents  disturbance  created  by 
Indian  occupation  at  the  site.  The  high  Tubuliflorae  values  in  the  pollen  spectra 
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may  reflect  gathering  or  cultivation  of  sunflower  and/or  marsh  elder  or  both  during 
Indian  occupation  of  the  site. 

Huber  and  Rapp  (1989)  also  analyzed  eight  archaeological  sediment  samples 
from  Gooseneck  Site  23CT54  for  pollen  content.  Gooseneck  Site  23CT54  is  an 
Early  Mississippi  Naylor  Phase  site  and  may  represent  a  small  hamlet  dating  from 
ca.  1050-750  yr  B.P.  Quercus  is  the  most  consistent  dominant  pollen  type  in  the 
pollen  spectra  from  the  Gooseneck  Site  23CT54  samples.  Other  important  taxa 
include:  Carya,  Pinus,  Fraxinus,  and  Ambrosia-type).  Zea  mays  (corn),  which 
occurred  in  seven  of  the  eight  samples  and  was  identified  solely  by  grain  size.  The 
pollen  spectra  from  the  eight  Gooseneck  Site  23CT54  samples  is  interpreted  as 
representing  a  mixed  oak-hickory  forest  growing  in  the  uplands  near  the  site  and 
ash,  willow,  grape,  elm,  walnut,  hickory,  and  tupelo  growing  in  the  river  bottoms. 

Six  bryophyte  polsters,  which  are  clumps  of  moss  resembling  a  cushion 
(Hanson,  1962),  were  analyzed  by  King  (1973)  as  part  of  his  study  in  the  western 
Missouri  Ozarks  for  modern  pollen  rain.  Three  samples  were  collected  from  the 
oak-hickory  forests  near  Trolinger  Spring,  Hickory  County  and  Boney  Spring  and 
Rodgers  Shelter,  Benton  County.  In  Shannon  County  three  polsters  were  collected 
from  pine-oak  forests  at  Round  Spring  State  Park,  Alley  Spring  State  Park,  and  a 
native  pine  area  10  km  north  of  Eminence,  Missouri.  The  oak-hickory  sites  have 
up  to  30%  Quercus  and  high  values  of  Ambrosia- type  pollen  (up  to  40%)  that  may 
reflect  abandoned  farmland  in  the  area  (King,  1973).  Pine  values  are  low,  less 
than  5%.  Ash  values  are  approximately  15%.  At  the  pine-oak  sites,  pine  values 
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reach  30%,  oak  40%,  and  ash  15%.  There  is  less  NAP  pollen  at  the  pine-oak  sites 
than  at  the  oak-hickory  sites  (King,  1973). 

Peterson  (1978)  analyzed  29  samples  of  surface  sediments  from  lakes  and 
ponds  in  Illinois,  Missouri,  and  Kentucky  for  modern  pollen  rain.  Seven  of  his  sites 
occur  in  Missouri.  Based  on  his  data,  Peterson  (1978)  presented  isopoll  maps  for 
four  pollen  taxa,  Quercus,  Ambrosia,  Carya,  and  U/mus.  The  maps  indicate  values 
of  approximately  30%  for  Quercus  and  Ambrosia  and  3%  for  Carya  and  U/mus. 
These  values  are  calculated  as  a  percent  of  the  pollen  sum,  which  excludes  spores, 
aquatics,  and  unidentified  grains  (Peterson,  1978). 

Seven  bryophytic  polsters  and  three  samples  of  surface  soil  from  near  an 
Ozark  sink  pond  and  the  Gooseneck  Site  25CT54  in  Carter  County,  and  near 
Buttonbush  Bog  and  Round  Spring  Site  23SH19  in  Shannon  County  were  analyzed 
by  Huber  (1990b)  for  modern  pollen  rain  (Figure  1).  He  found  that  the  modern 
pollen  spectra  has  high  percentages  (60  to  90%)  of  AP  and  that  NAP  is  highest  at 
Round  Spring  (36.5%).  Quercus  is  the  dominant  pollen  type,  ranging  from  29  to 
67%  with  a  regional  average  of  51.5%.  Pinus  values  range  from  8.5  to  32%;  the 
lowest  occurring  at  Ozark  Sink  Pond.  At  all  localities,  Fraxinus  values  are  less  than 
7%.  Carya  ranges  from  1  to  4%  except  in  one  sample  from  Gooseneck,  where 
Carya  reaches  17%.  Sa/ix  and  U/mus  pollen  is  present  at  less  than  1.5%  each  and 
Cupressaceae  (red  cedar/white  cedar)  has  a  maximum  value  of  4%.  Ambrosia- type 
pollen  varies  from  3.6  to  15%  and  is  highest  at  Buttonbush  Bog.  Gramineae 
values  are  below  5%  and  Chenopodiaceae/Amaranthaceae  values  are  less  than  1  % 
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at  all  sites.  Pollen  values  of  Cyperaceae  range  from  less  than  1  %  to  almost  1 1  %. 
Huber  (1990b)  found  that  the  dominant  taxa  in  the  modern  pollen  rain  show  a 
similar  trend  in  relative  importance  to  the  dominant  forest  cover  based  on  the 
commercial  growing  stock  data  of  Mendel  (1961). 

See  Royall  (1988:107)  and  Royall,  Delcourt,  and  Delcourt  (1991:167)  for  a 
correlation  chart  of  age,  climate,  and  vegetational  history. of  the  Ozark  Plateau, 
Western  Lowlands,  and  Eastern  Lowlands  of  Missouri. 
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SITE  DESCRIPTION 


Fort  Leonard  Wood  Military  Reservation  encompasses  most  of  the  southeast 
quarter  of  Pulaski  County.  Roubidoux  Trench  1  (RT1)  and  Roubidoux  Trench  2 
(RT2)  are  located  on  Roubidoux  Creek.  The  Happy  Hollow  Borehole  17  (HH17)  is 
located  on  the  Big  Piney  River. 

Floristically,  the  study  locality  is  located  in  Steyermark  s  (1963)  Ozark 
Region  and  more  specifically  in  Kuchler's  (1964)  oak-hickory-pine  forest. 
Characterized  by  a  diversified  flora,  the  Missouri  Ozark  Region  contains  the 
greatest  number  of  species  of  any  part  of  the  state  (Steyermark,  1963).  Many 
microclimates  and  microenvironments  occur  within  this  area,  each  possessing  a 
characteristic  assemblage  of  plants  (Huber  and  Rapp,  1981;  revised  1983). 

The  Ozark  Region  forest  flora  is  pine-oak  and  oak-hickory  woodlands. 
Although  the  Ozark  forests  are  considered  to  be  oak-hickory-pine  forest  (Kuchler, 
1964)  or  pine-oak  and  oak-hickory  (Steyermark,  1963),  hickory  is  a  relatively  minor 
element  (King,  1973).  The  forest  flora  with  its  herbaceous  components  belong  to 
a  Carolinian  flora  (Dice,  1943;  Steyermark,  1963)  with  a  slight  dominance  of 
southern  species,  floristically  intermediate  between  austral  and  boreal  phases.  The 
upland  herbaceous  species  are  usually  plants  that  range  from  the  Appalachian 
plateau  to  the  grassy  plains  (Steyermark,  1963). 

Vaccinium  vacil/ans  (lowbush  blueberry)  is  the  dominant  understory  on  acid 
soils.  Limestone-derived  soils  have  floras  consisting  of  Blumelia  sp.  (southern 
buckthorn),  Ilex  decidua  (deciduous  holly),  777/a  americana  (linden),  Juglans  nigra 
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(black  walnut),  Asimina  triloba  (pawpaw),  Quercus  prinoides  var.  acuminata 
(chinquapin  oak),  Fraxinus  quadranguiata,  Acer  saccharum  (sugar  maple),  and  other 
forest  species  (Steyermark,  1963). 

Several  herbaceous  plants  have  their  closest  associations  with  southern 
coastal  plain  species.  Other  species  are  usually  found  in  a  more  northern  boreal 
habitat  and  represent  relict  species  that  have  survived  in  the  Ozarks  since  the 
retreat  of  the  Laurentide  ice  sheet.  Many  plants  that  have  rare  and  isolated 
occurrences  are  at  or  near  the  limits  of  their  geographic  range  (Steyermark,  1963). 

The  Ozark  region  has  never  been  glaciated  and  thus  has  been  open  for 
migration  since  Tertiary  times.  Some  species  are  restricted  to  the  eastern, 
western,  or  southern  edges  of  the  region  whereas  others  are  widespread 
throughout.  The  southeastern  Ozark  Region  is  characterized  by  flora  with  an 
Alleghenian  relationship.  Many  southwestern,  southern,  or  western  species  are 
found  on  exposed  south-  and  west-facing  slopes.  In  the  deeply  eroded  V-shaped 
valleys  and  north-facing  bluffs,  many  of  the  more  northern  ranging  species  occur 
(Steyermark,  1963). 

The  Ozarks  have  been  divided  into  two  sections  by  Braun  (1950):  the 
Interior  Highlands  and  the  Forest-Prairie  Transition.  The  Interior  Highlands  include 
Shannon  and  Carter  counties  and  contain  the  bulk  of  the  Ozark  oak-hickory  forest. 
In  this  area,  oaks  codominate  with  yellow  or  shortleaf  pine  (Pinus  echinata)  and 
locally  may  form  pure  stands  (Braun,  1950).  Mature  stands  of  shortleaf  pine  occur 
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in  only  a  few  localities  in  the  southeastern  Ozarks  and  the  Missouri-Arkansas 

border  (Critchfield  and  Little,  1966:  map  42). 

Steyermark  (1940)  further  subdivides  the  Ozark  oak-hickory  forests  into  five 
edaphic  associations  based  on  physical,  chemical,  and  local  moisture  conditions. 

1 .  Sugar  Maple-Bitternut  Hickory  Association  ( Acer  saccharum-Carya  cordiformis) 

2.  Sugar  Maple-White  Oak  Association  ( Acer  saccharum-Quercus  alba ) 

3.  Oak-Hickory  Association  ( Quercus-Carya ) 

4.  Oak-Pine  Association  (Quercus-Pinus  echinata) 

5.  White  Oak-Red  Maple  Association  ( Quercus  alba-Acer  rubrum) 

This  description  of  the  Ozark  flora  can  only  be  applied  as  a  generalization.  In 
several  areas  of  the  Missouri  Ozarks,  prairie  flora  inhabit  forest  openings  and 
glades  (Braun,  1950;  Steyermark,  1963).  The  distribution  and  composition  of  the 
Ozark's  modern  flora  described  by  Steyermark  (1940,  1959,  1963)  is  probably  not 
the  same  as  it  was  at  the  advent  of  European  settlement.  Sauer  (1920:59)  reports 

the  following  changes  in  the  Ozark  forests: 

1 .  greater  density  of  stand  and  more  undergrowth,  resulting  from  the  cutting  of  large 
timber  and  the  cessation  of  fires; 

2.  a  great  decrease  in  the  lowland  forest  area  as  a  result  of  land  clearance  for  farming; 
and 

3.  a  relative  increase  of  those  species  that  have  the  most  efficient  means  of 
propagation,  such  as  oaks  and  elms  with  their  coppicing  habits  and,  in  the  bottoms, 
the  sycamore  and  cottonwoods  with  wind-blown  seeds. 

Beilman  and  Brenner  (1951a,  1951b)  believe  the  Ozark  oak-hickory  forests 
are  a  relatively  recent  development  and  are  still  maturing.  Steyermark  (1959) 
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disagrees,  feeling  that  the  present  oak-hickory  forests  were  derived  from 
widespread  mixed  Tertiary  forests  as  a  result  of  decreased  available  moisture.  The 
palynological  studies  by  Mehringer  and  others  (1968,  1970),  King  (1973),  King 
and  Lindsay  (1976),  Huber  (1987),  and  others  substantiate  Beilman  and  Brenner's 
(1951a,  1951b)  belief  that  the  Ozark  oak-hickory  forests  are  a  relatively  recent 
development.  King  and  Lindsay  (1976)  suggest  that  the  present  oak-hickory 
forests  did  not  become  established  in  the  western  Missouri  Ozarks  until  after 
10,000  B.P. 
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PALYNOMORPH  ANALYTICAL  METHODS 

Twenty  samples  were  analyzed  for  pollen  and  other  palynomorphs.  The 
pollen  samples  were  treated  with  a  modified  Faegri  and  Iverson  (1975)  technique 
(addition  of  KOH,  HCI,  HF,  and  acetolysis),  sieved  through  seven  pm  Nitex  screens 
(Cwynar,  Burden,  and  McAndrews,  1979),  stained  with  safranin  and  stored  in 
silicone  oil  for  counting.  In  addition,  one  standard  Eucalyptus  tablet  was  added  to 
each  sample  in  order  to  determine  pollen  concentration  values  (Maher,  1972).  The 
depth  and  weight  of  each  sample  analyzed  is  shown  in  Table  1 . 

_ TABLE  1:  FORT  LEONARD  WOOD  POLLEN  SAMPLES  ANALYZED. 

Roubidoux  Roubidoux  Happy  Hollow 

Trench  1  _ Trench  4 _ Borehole  17 

Depth  Sample  Depth  Sample  Depth  Sample 

in  weight  in  weight  in  weight 

inches  (grams)  inches _ (grams) _ inches _ (grams) 

3-6  8.4 _ 3-5 _ 8^8 _ 48-58 _ 8.7 

10-14  8.4  19-21  8.1 _ 52-54 _ 8.6 

18-22  8.5  35-27  1_A _ 56-58 _ 8.1 

26-30  8.2  _  60-62 _ 8.3 

34-38  8.7  64-66  8.7 
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A  minimum  of  300  grains  of  trees,  shrubs,  herbs  and  vascular  cryptogams 
was  identified  and  counted  within  the  pollen  sum  for  samples  RT1  (3-6")  and  RT4 
(3-5").  Indeterminable,  unknown,  and  aquatic  pollen,  moss  spores,  nonsiliceous 
algae,  pre-Quaternary  fossils,  and  Eucalyptus  spike  grains  were  counted  but  not 
included  in  the  pollen  sum.  In  all  the  rest  of  the  samples  and  pollen  is  very  scarce. 
Therefore,  statistically  valid  pollen  counts  could  not  be  undertaken.  However, 
transects  of  covering  the  entire  area  of  each  slide  were  done  in  order  to  obtain 
numerical  presence  data.  All  palynomorphs  encountered  were  identified  and 
counted. 

During  pollen  counting  of  the  RT1  (3-6")  and  RT4  (3-5")  samples,  the  first 
transect  was  counted  two  mm  from  the  south  edge  of  the  microscope  slide. 
Subsequent  spacing  of  the  transects  was  estimated  to  cover  the  slide  at 
approximately  equal  intervals  from  south  to  north.  The  interval  estimations  were 
done  to  minimize  errors  associated  with  nonrandom  distribution  of  palynomorphs. 
When  the  300  sum  was  reached,  pollen  counts  were  continued  to  the  end  of  the 
transect,  thus  completing  the  count.  All  pollen  on  the  entire  microscope  slide  was 
counted  for  the  rest  of  the  Fort  Leonard  Wood  pollen  samples.  After  completing 
the  counts  the  microscope  slide  was  then  sealed  and  placed  on  permanent  file  at 
the  Archaeometry  Laboratory,  where  original  copies  of  the  pollen  count  sheets  are 
also  on  file. 
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Although  no  formal  seed  analysis  was  undertaken  on  the  Fort  Leonard  Wood 
samples,  a  few  seeds  were  recovered  during  the  large  particle  fraction  (>500  //m) 
separation.  The  seeds  recovered  were  identified  and  counted  by  Seppo  H.  Valppu, 
Archaeometry  Laboratory,  University  of  Minnesota,  Duluth  where  original  copies  of 
the  seed  count  sheets  are  on  file. 
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LOSS-ON-IGNITION  OF  ORGANIC  AND  CARBONATE  CARBON  METHODS 

In  order  to  obtain  a  more  complete  understanding  of  the  depositional  record, 
loss-on-ignition  of  organic  and  carbonate  carbon  was  undertaken  on  the  Fort 
Leonard  Wood  sediments.  Carbonate  and  organic  carbon  content  provide  an 
independent  means  of  interpreting  the  stratigraphic  sequence  which  in  turn  can  be 
correlated  with  the  pollen  assemblages.  Changes  in  the  carbonate  and  organic 
carbon  content  of  sediment  may  also  indicate  environmental  changes  occurring  in 
the  watershed  and  the  catchment  basin  through  time.  This  information  can  be 
used  to  reconstruct  past  paleoenvironmental  conditions.. 

The  same  intervals  used  for  pollen  sampling  were  used  to  measure  weight 
percent  loss-on-ignition  to  determine  the  proportions  of  organic  and  carbonate 
carbon.  The  Fort  Leonard  Wood  samples  were  analyzed  according  to  Dean's 
(1974)  loss-on-ignition  technique.  Samples  were  dried  at  90-100°C  to  determine 
dry  weight.  Percent  loss-on-ignition  was  determined  by  combustion  at  550°C  for 
1  hr  for  organic  carbon  and  at  1,000°C  for  1  hr  for  carbonate  carbon  content. 
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RESULTS 


LOSS-ON-IGNITION  OF  ORGANIC  AND  CARBONATE  CARBON  METHODS 

Organic  carbon  content  in  all  the  Fort  Leonard  Wood  samples  is  low,  4%  or 
less.  Organic  carbon  varies  from  2%  to  4%  in  the  RT1  and  RT4  and  from  1 .5%  to 
2.0%  in  the  HH17.  At  all  sites  there  is  a  slight  increase  in  organic  carbon  content 
upwards  Figures  1-3).  Carbonate  carbon  content  is  also  very  low,  2%  or  less  at  all 
sites,  ranging  from  1-2%  at  RT1  and  RT4  (Figures  1-2).  At  HH17,  carbonate 
carbon  content  is  approximately  1  %  throughout  the  core  (Figure  3). 

The  Fort  Leonard  Wood  organic  carbon  and  carbonate  carbon  values  are 
similar  to  the  terrace  deposits  of  the  Current  River  at  the  Gooseneck  Site  25CT54 
in  Carter  County,  Missouri  (Huber,  1987).  The  low  organic  carbon  content  of  the 
samples  is  probably  the  result  of  oxidation  of  organic  materials.  Most  of  the 
indeterminable  degraded  pollen  grains  appear  to  be  oxidized  and  is  consistent  with 
the  low  organic  carbon  content.  Loss-on-ignition  values  of  less  than  5%  for 
carbonate  carbon  may  indicate  the  removal  of  OH  ions  from  clays  between  550- 
1000°C  rather  than  the  presence  of  carbonates  (Dean,  1974). 
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LOSS-ON-IGNITION  PERCENTAGE  DIAGRAM 
ROUBIDOUX  TRENCH  1 
PULASKI  COUNTY,  MO 


FIGURE  2 
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LOSS-ON-IGNITION  PERCENTAGE  DIAGRAM 
ROUBIDOUX  TRENCH  2 
PULASKI  COUNTY,  MO 


FIGURE  3 
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Analyzed  by  James  K.  Huber 
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LOSS-ON-IGNITiON  PERCENTAGE  DIAGRAM 
HAPPY  HOLLOW  17 
PULASKI  COUNTY,  MO 
FIGURE  4  ,  ^ 
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POLLEN 


By  convention,  most  pollen  diagrams  are  expressed  as  percentage  and 
concentration  diagrams  and  divided  into  pollen  assemblage  zones,  stratigraphic 
intervals  that  have  some  degree  of  internal  consistency  (King,  1981).  However, 
pollen  preservation  in  all  but  the  RT1  (3-6")  and  RT4  (3-5")  samples  is  extremely 
poor  and  pollen  is  very  scarce.  Therefore  statistically  valid  pollen  counts  could  not 
be  undertaken  for  18  of  the  20  samples.  In  the  absence  of  statistically  valid  data, 
the  pollen  diagrams  for  RT1,  RT4,  and  HH17  are  expressed  as  number  of  grains 
counted  rather  than  by  conventional  pollen  percentage  diagrams.  Pollen 
concentration  data  for  the  Fort  Leonard  Wood  samples  are  expressed  as 
conventional  pollen  concentration  diagrams  (grains/gram).  In  addition  to  the 
numerical  diagrams,  a  pollen  percentage  diagram  for  the  RT1  (3-6")  and  RT4  (3-5") 
samples  has  been  constructed. 

Roubidoux  Trench  1: 

Pollen  sum  counts  varied  from  4-320  grains/slide.  Within  the  pollen  sum,  23 
taxa  are  represented  and  the  number  of  taxa/sample  ranged  from  3  to  24 
(Figure  5).  Aquatics,  mosses,  and  algae  are  represented  by  one  taxon  in  each 
category.  Although  several  types  of  fungal  spores  were  observed,  only  one  taxon 
was  identified  and  counted.  Indeterminable  pollen  consists  of  both  degraded  and 
broken  grains.  The  total  number  of  different  taxa  identified  and  counted  is  38. 
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Pollen  concentration  in  RT1  is  low.  RT1  (3-6")  has  a  pollen  sum 
concentration  of  6690  grains/gram  dry  sediment  and  total  fossil  palynomorph 
concentration  of  7235  grains/gram  dry  sediment.  Subsequent  pollen  concentration 
data  will  be  expressed  as  dry  sediment.  Pollen  sum  concentration  of  the  lower 
eight  RT1  samples  varied  from  85-585  grains/gram  and  total  fossil  palynomorph 
concentration  ranged  from  145-860  grains/gram.  The  lowest  pollen  sum  and  total 
fossil  palynomorph  concentration  occurred  RT1  50-54". 

Quercus  is  the  most  consistent  tree  pollen  type  present  in  the  RT1  column. 
Other  trees  present  include  Pinus,  Cupressaceae,  Ulmus,  Fraxinus  quadrangu/ata- 
type,  Fraxinus  pennsylvanicalF.  americana-type  (red/white  ash),  Juglans  nigra, 
Carya,  Ostrya/Carpinus,  Popuius  (poplar),  Castanea  (chestnut),  and  A lyssa  (tupelo). 
Sa/ix  and  Cornus  (dogwood)  are  the  only  shrubs  present  (Figure  5). 

Present  in  all  RT1  samples  is  Ambrosia-type  pollen.  Ambrosia- type  pollen 
accounts  for  approximately  one-half  of  the  pollen  sum  in  RT1  (3-6").  Other  NAP 
present  is  Artemisia  (wormwood),  Tubuliflorae,  Liguliflorae  (subfamily  of 
Compositae),  Chenopodiaceae/Amaranthaceae,  Cyperaceae,  Umbelliferae  (Parsley 
Family),  and  Gramineae  (Figure  5). 

Dryopteris- type,  Dryopteris  Theiypteris  (marsh  fern),  Pteridium-type  (bracken 
fern),  Pteridium  aquiiinum  (bracken  fern),  Lycopodium,  Lycopodium  ciavatum 
(running  clubmoss),  Lycopodium  complanatum- type  (ground  cedar),  Botrychium 
(grape  fern),  and  Osmunda  (royal  fern)  are  the  vascular  cryptogams  occurring  in 
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the  RT1  sequence.  Spores  of  Lycopodium  sp.  are  the  most  abundant  types 
present  (Figure  5). 

Spores  of  the  aquatic  Isoetes  (quillwort).  Sphagnum  (sphagnum)  moss 
spores,  Zygnema- type  resting  spores  of  the  green  algae  (Chlorophycophyta),  and 
fungal  hypodia  of  Gaeumannomyces  cf.  caricis  were  also  found.  Indeterminable 
degraded  grains  are  very  common  throughout  the  RT1  sequence,  indeterminable 
broken  grains  also  occur  (Figure  5). 

In  addition  to  pollen,  seeds  were  also  recovered  from  the  RT1  (3-6")  pollen 
sample  (Figure  5).  The  seed  types  recovered  are:  oblong-type  Compositae,  Oxa/is 
stricta  (yellow  wood  sorrel),  lenticular-type  Scirpus  (bulrush),  Mentha  sp.  (mint), 
and  So/anum  cf.  nigrum  (black  nightshade). 

Pollen  concentration  for  selected  RT1  taxa  are  shown  in  Figure  6.  Quercus 
pollen  concentration  ranges  from  25-795  grains/gram.  Pinus  has  a  maximum 
concentration  of  550  grains/gram.  Cupressaceae  and  Ulmus  have  maximum 
concentrations  of  105  and  62  grains/gram,  respectively.  Ambrosia- type  pollen 
concentration  varies  from  22-31 15  grains/gram.  Present  in  seven  of  the  RT1 
samples,  Cyperaceae  pollen  concentration  ranges  from  10-710  grains/gram. 
Chenopodiaceae/Amaranthaceae  has  a  maximum  pollen  concentration  of  190 
grains/gram.  Indeterminable  degrad, ed  pollen  concentration  ranges  from  65-480 
grains/gram. 
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POLLEN,  ALGAE,  AND  SEED  DIAGRAM 
ROUBIDOUX  TRENCH  I  /  -  rcEES 

PULASKI  COUNTY,  MO  /  4  f 
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Roubidoux  Trench  4: 

Pollen  sum  counts  varied  from  25-303  grains/slide.  Within  the  pollen  sum, 
34  taxa  are  represented  and  the  number  of  taxa/sample  ranged  from  11  to  29 
(Figure  7).  Aquatics,  mosses,  and  algae  are  represented  by  one  taxon  in  each 
category.  Only  one  taxon  was  identified  and  counted,  although  several  types  of 
fungal  spores  were  observed.  Indeterminable  pollen  consists  of  both  degraded  and 
broken  grains.  The  total  number  of  different  taxa  identified  and  counted  is  35. 

Pollen  concentration  in  RT4  is  also  low.  RT4  (3-5")  has  a  pollen  sum 
concentration  of  2395  grains/gram  and  total  fossil  palynomorph  concentration  of 
2830  grains/gram.  Pollen  sum  concentration  of  the  lower  two  RT4  samples  are 
225  grains/gram  (19-21")  and  200  grains/gram  (35-37").  Total  fossil  palynomorph 
concentration  is  380  grains/gram  for  RT4  (19-21")  and  315  grains/gram  for 
RT4  (35-37"). 

P/nus,  Quercus,  U/mus,  and  Fraxmus  Quadrangu/at a -type  pollen  is 
consistently  present  throughout  the  RT4  sequence.  Other  trees  present  include 
Cupressaceae,  Ttiia,  Juglans  nigra,  Carya,  Ostrya/Carpinus,  Populus,  Platanus 
(sycamore),  Betu/a,  and  Ce/tis  (hackberry).  Sa/ix  occurs  in  all  RT4  samples;  the 
shrubs  Cory/us  and  A/nus  are  also  present  (Figure  7). 

NAP  pollen  types  occurring  in  all  RT4  samples  are  Ambrosia-type, 
Chenopodiaceae/Amaranthaceae,  and  Cyperaceae  (Figure  7).  Other  NAP  present  is 
Artemisia,  Tubuliflorae,  Liguliflorae,  Sarcobatus  vermiculatus  (greasewood), 
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Gramineae,  Galium  (bedstraw),  Umbelliferae,  Caryophyllaceae  (Pink  Family),  and 
Cruciferae  (Mustard  Family). 

Dryopteris-Xype,  Pteridium-Xype,  Lycopodium,  Lycopodium  ciavatum, 
Lycopodium  complanatum-Xype,  and  Equisetum  (horsetail)  are  the  vascular 
cryptogams  occurring  in  the  RT4  palynomorph  spectra.  Spores  of  Lycopodium  sp. 
are  the  most  abundant  types  present  (Figure  7). 

Spores  of  the  aquatic  isoetes,  Sphagnum  moss  spores,  coenobia  of  the 
green  algae  (Chlorophycophyta)  Botryococcus,  and  fungal  hypodia  of 
Gaeumannomyces  cf.  caricis  were  also  found.  Indeterminable  degraded  grains  are 
very  common  in  all  RT4  samples  and  indeterminable  broken  grains  occur  in 
RT4  3-5"  (Figure  7). 

Figure  8  is  a  pollen  concentration  for  selected  RT4  taxa.  Pinus  pollen 
concentration  ranges  from  35-425  grains/gram.  Quercus  has  a  maximum 
concentration  of  270  grains/gram.  Cupressaceae  and  Uimus  have  maximum 
concentrations  of  approximately  120  grains/gram  each.  Ambros/a-Xype  pollen 
concentration  varies  from  145-410  grains/gram.  Cyperaceae  pollen  concentration 
ranges  from  70-220  grains/gram  and  Chenopodiaceae/Amaranthaceae  ranges  from 
70-160  grains/gram.  Indeterminable  degraded  pollen  concentration  varies  from 
355-645  grains/gram  with  the  maximum  concentration  in  RT4  19-21"  (Figure  8). 
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Note  —  Scales  differ  between  taxa.  Analyzed  by  James  K.  Huber 


Roubidoux  Trench  1  (3-6")  and  Roubidoux  Trench  4  (3-5")  Percentage  Data: 

In  these  two  samples  Pinus,  Quercus,  Cupressaceae,  and  Fraxinus 
quadrangulata-type  are  the  dominant  AP  taxa.  Pinus  is  17%  in  RT1  and  8%  in 
RT4.  Quercus  is  approximately  12%  in  both  samples,  while  Cupressaceae  and 
Fraxinus  quadrangulata-type  are  both  6%  or  less.  Ambrosia- type  is  the  dominant 
NAP  type  with  values  of  46%  (RT1 )  and  17%  (RT4).  Cyperaceae  in  also 
prominent  at  approximately  10%  in  both  samples.  Tubuliflorae  and 
Chenopodiaceae/Amaranthaceae  are  the  next  most  abundant  pollen  types. 
Indeterminable  degrade  has  values  of  RT1  =7%  and  RT4  =  13%  (Figure  9). 

Pollen  sum  concentration  and  total  fossil  palynomorph  concentrations  are 
very  similar  in  both  samples.  At  RT1,  Quercus,  Ambrosia- type,  and  Cyperaceae 
have  significantly  larger  pollen  concentrations  than  at  RT4  (Figure  10). 
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POLLEN  PERCENTAGE  DIAGRAM 
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Happy  Hollow  Borehole  17 

HH17  has  the  poorest  pollen  preservation  of  the  three  sites  investigated.  No 
samples  contained  enough  pollen  for  statistically  valid  pollen  counts.  Pollen  sum 
counts  varied  from  1-21  grains/slide.  Within  the  pollen  sum,  23  taxa  are 
represented  and  the  number  of  taxa/sample  ranged  from  1  to  10  (Figure  11). 
Aquatics,  mosses,  and  algae  are  represented  by  one  taxon  in  each  category.  Of 
the  several  types  observed,  only  one  taxon  of  fungal  spores  was  identified  and 
counted.  Indeterminable  pollen  consists  of  only  degraded  grains.  The  total  number 
of  different  taxa  identified  and  counted  is  28. 

Pollen  concentration  in  HH17  is  extremely  low.  Pollen  sum  concentration  of 
the  HH17  samples  varied  from  30-620  grains/gram  and  total  fossil  palynomorph 
concentration  ranged  from  150-1800  grains/gram.  The  lowest  pollen  sum  and 
total  fossil  palynomorph  concentration  occurred  HH17  77-79"  and  the  highest  in 
HH1 7  48-50"  (Figure  12). 

In  HH17  77-79"  only  one  Ambrosia-type  pollen  grain  within  the  pollen  sum 
was  encountered  on  the  entire  slide.  In  the  upper  seven  samples,  Quercus  is  the 
most  consistent  tree  pollen  type  present.  Pinus,  Cupressaceae,  U/mus,  Fraxinus 
quadranguiata-type,  Ostrya/Carpinus,  Betu/a,  and  Morus  (mulberry)  also  occur. 

Sa/ix  and  Corylus  are  the  only  shrubs  present  (Figure  11). 

No  NAP  is  present  in  all  HH17  samples.  NAP  present  in  the  HH17  pollen 
spectra  is  Ambrosia-type,  Artemisia,  Tubuliflorae,  Chenopodiaceae/Amaranthaceae, 
Cyperaceae,  and  Gramineae  (Figure  11). 
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Dryopteris- type,  Dryopteris  Thelypteris,  Pteridium- type.  Lycopodium, 
Lycopodium  complanatum-type,  Botrychium,  and  Osmunda  are  the  vascular 
cryptogams  occurring  in  the  HH17  sequence.  Spores  of  the  aquatic  isoetes, 
Sphagnum  moss  spores,  Micrasterias  coenobia  of  the  green  algae 
(Chlorophycophyta),  and  fungal  hypodia  of  Gaeumannomyces  cf.  caricis  were  also 
found.  Indeterminable  degraded  grains  occur  in  all  HH17  samples  (Figure  11). 

In  addition  to  pollen,  seeds  of  Mollugo  verticiiiata  (carpet-weed)  were 
recovered  from  the  HH17  52-54"  and  HH17  56-58"  pollen  samples  (Figure  11). 

Quercus  pollen  concentration  ranges  from  50-235  grains/gram.  Pinus  has  a 
maximum  concentration  of  155  grains/gram  and  a  minimum  of  20  grains/gram. 
Cupressaceae  only  occurs  in  HH17  60-62”  and  has  a  concentration  of  27 
grains/gram.  Uimus  concentration  values  range  from  25-155  grains/gram. 
Ambrosia-type  pollen  concentration  varies  from  20-100  grains/gram  and 
Cyperaceae  concentration  ranges  from  30-J55  grains/gram.  Present  in  only  one 
sample  (HH17  48-50"),  Chenopodiaceae/Amaranthaceae  has  a  pollen 
concentration  of  30  grains/gram.  Indeterminable  degraded  pollen  concentration 
ranges  from  70-545  grains/gram  (Figure  12). 
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DISCUSSION 


Based  on  the  poor  pollen  preservation  and  the  low  pollen  concentration  in 
the  Fort  Leonard  Wood  samples,  the  interpretation  of  the  pollen  recovered  is 
tenuous.  However,  some  paleoecological  inferences  can  be  made  especially  for 
samples  RT1  |3-6")  and  RT4  (3-5").  The  numerical  data  from  all  the  sites  may  be 
used  to  indicate  the  presence  of  certain  taxa  in  the  area. 

Pinus  pollen  is  present  at  all  three  sites  and  could  only  be  identified  to  the 
genus  level  because  of  poor  preservation.  The  pine  grains,  for  the  most  part, 
probably  represent  Pinus  echinata.  According  to  Steyermark  (1963),  the 
northwestern  range  extent  of  Pinus  echinata  is  Pulaski  County. 

RT1  has  a  13C  corrected  radiocarbon  date  of  1 370 ±  100  yr  B.P.  for  the 
58-61"  interval  and  HH17  13C  corrected  radiocarbon  date  of  2020 ±60  yr  B.P.  for 
at  70"  (Paul  E.  Albertson,  personal  communication,  1994).  By  correlation  to  other 
sites  in  the  area,  the  RT4  pollen  sequencejs  less  than  630  years  old  (Paul  E. 
Albertson,  personal  communication,  1994).  These  dates  give  a  late  Holocene  age 
for  pollen  spectra  from  all  the  Fort  Leonard  Wood  sites. 

In  most  of  the  previous  investigations  undertaken  in  Missouri  the  pollen 
sequences  reported  are  older  than  the  Fort  Leonard  Wood  pollen.  Although  not 
directly  comparable  to  other  pollen  assemblages  from  Missouri  because  of  the  poor 
pollen  preservation,  the  Fort  Leonard  Wood  pollen  spectra  shows  a  similar  trend  to 
the  late  Holocene  sequences  from  Buttonbush  Bog  (Huber,  1987,  1990a)  and 
Cupalo  Pond  (Smith,  1984).  The  high  Ambrosia  value  in  RT1  3"-6"  is  greater  than 
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that  found  at  other  pollen  sites  in  Missouri  and  probably  reflects  open  and 
disturbed  ground.  A  somewhat  comparable  pollen  sequence  is  indicated  by  the 
large  Ambrosia  and  Tubuliflorae  values  at  Round  Spring  (Huber,  1987  and  Huber 
and  Rapp,  1989).  The  high  Ambrosia  value  is  consistent  with  Peterson's  (1978) 
modern  pollen  data.  The  dominant  pollen  types  in  the  uppermost  samples  from  the 
three  Fort  Leonard  Wood  sites  reflect  the  same  trend  as  the  modern  pollen  data  of 
King  (1973),  Peterson  (1978),  and  Huber  (1990b). 

The  pollen  spectra  from  Fort  Leonard  Wood  sites  indicate  that  oak,  pine, 
hickory/juniper,  elm,  ash,  hop  hornbeam,  dogwood,  basswood,  black  walnut, 
hazel,  and  mulberry  were  growing  in  the  uplands  and  lowland  arboreal  vegetation 
consist  of  pine,  hickory,  elm,  ash,  black  walnut,  hornbeam,  cottonwood,  tupelo, 
willow,  basswood,  sycamore,  mulberry,  birch,  hackberry,  hazel,  alder.  Ragweed, 
wormwood,  goosefoot,  amaranth,  grasses,  bedstraw,  and  other  composites  were 
growing  in  open  and/or  disturbed  ground  areas  with  sedges  in  the  low  moist/wet 
ground.  Shield  ferns,  bracken  ferns,  clubmosses,  grape  ferns,  royal  ferns,  and 
horsetails  were  growing  in  cooler  moister  areas.  Clumps  of  sphagnum  moss  could 
occur  both  in  the  upland  forest  and  the  lowlands.  The  streams  in  the  area 
contained  quillwort  and  the  algae  Botryococcus,  Zygnema,  and  Micrasterias. 

In  RT1  locality,  the  seeds  recovered  indicate  the  presence  of  composites, 
yellow  wood  sorrel,  bulrush  sedges,  mints,  and  nightshade.  Based  on  the  seeds 
found,  carpet-weed  was  growing  in  disturbed  ground  in  the  vicinity  of  HH17. 
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The  presence  of  the  fungal  hypodia  of  Gaeumannomyces  cf.  caricis  and  the 
bulrush  seeds  both  indicate  that  the  sedge  is  of  local  origin.  Van  Geel  (1986.) 
reports  a  correlation  between  the  presence  this  fungi  and  the  local  appearance  of 
Cyperaceae  in  peat,  indicating  that  the  Cyperaceae  pollen  is  probably  from  a  local 
source. 

The  pollen  spectra  from  the  three  Fort  Leonard  Wood  sites  are  indicative  of 
the  Oak-Hickory-Pine  forests  found  today  in  the  south-central  Missouri  Ozarks. 
Variation  in  the  local  Ozark  vegetation  in  the  vicinity  of  the  three  sites  investigated 
is  also  reflected. 
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